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I.  SUMMARY AND INTRODUCTION

This report describes a computer program HADY-I for calculating the linear
incompressible or compressible stability characteristics of the laminar boundary
layer on swept and tapered wings. The stability analysis and computational pro-
cedures used in this program are outlined in details in references 1 and 2.

The eigenvalue problem and its adjoint arising from the linearized distur-
bance equations with the appropriate boundary conditions are solved numercially
using a combination of Newton-Raphson iterative scheme and a variable step size
integrator based on the Runge-kutta-Fehlburg fifth-order formulas. The inte-
grator is used in conjunction with a modified Gram-Schmidt orthonormalization
procedure. More details concerning the integrator is found in reference 3.

The computer program HADY-I calculates the growth rates of crossflow (CF)
or streamwise Tollmien-Schlichting (TS) instabilities. It also calculates the
group velocities of these disturbances. The program incorporates all methods
of calculation outlined in reference 1, namely, they are:

(1) MMSGR, method of maximum spatial growth rates

(2) MFCWL, method of fixed spanwise component of wavelength

(3) MFWL, method of fixed wavelength

HADY-I is restricted to parallel stability calculations, where the boundary
layer (meanflow) is assumed to be parallel. The meanflow solution is an input
to the program, see Appendix I. A nonparallel stability computer program HADY-II
is another part that is under preparation.

Figure 1 shows a definition of the coordinate system used in this analysis,
x is the chordwise direction, z is the spanwise direction, and y is the normal

to the x-z plane.



Figure 1.- Definition of the coordinate system.



A. FLOW CHART

II. PROGRAM STRUCTURE
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Figure 2.- Overall flow chart for HADY-I program.
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B. SUBROUTINES, PURPOSE AND QUTPUT
See Section C for the definition of the Fortran variable names.
SUBROUTINE FULLP

PURPOSE = To read from TAPE10, the compressible parallel meanflow profiles, and
modify these profiles if incompressible stability calculations are needed.

QUTPUT = The variables NS, XC, MACH, R, CHL, UFS, ETA, PRA, ND, IE, and the
arrays YI, U, UP, UPP, W, WP, WPP, T, TP, TPP, My, MUP, MUPP, ALFA, ALFAP, PR

SUBROUTINE CFA

PURPOSE = To calculate the angle of the velocity vector with respect to x at
the y-location of an inflection point of the crossflow velocity profile

OQUTPUT = EPSICF

SUBROUTINE .CDMINV

PURPOSE = To calculate the transpose of the eigenvector matrix
OUTPUT = The transpose matrix A

SUBROUTINE JOCK

PURPOSE = To integrate the disturbance equations and to orthonormalize the
soTution whenever needed

QUTPUT = IFLAG, the array PH

SUBROUTINE FMAT

PURPOSE = Provides the disturbance equations to be integrated in JOCK
SUBROUTINE RNITN

PURPOSE = To iterate on the complex eigenvalues KX. Used only when ICASE = 1 or
ICASE = 3

OUTPUT = Updated value of KX
SUBROUTINE CFITN

PURPOSE = To iterate on the real eigenvalues ALFAR and EPSI. Used only when
ICASE = 4 or ICASE = 5

OUTPUT = Updated values of ALFAR and EPSI



SUBROUTINE GIMIR

PURPOSE = Iteration to maximize the disturbance growth rate, at each chordwise
lTocation. The iteration is performed on BETAR when ICASE = 3, and on WN when
ICASE = 4

OUTPUT = Updated values of BETAR or WN
SUBROUTINE SONG

PURPOSE = Numerical itegration of a complex quantity fromy = 0 to y = Yo (the
edge of the boundary layer)

QUTPUT = The value of the integral at yg
SUBROUTINE PROF

PURPOSE = During the integration of the disturbance equations, meanflow quan-
tities are needed at a specific y-location. This subroutine uses the real
function INTER to interpolate the meanflow profiles

OUTPUT = Meanflow values at the required y-location, they are U, UP, UPP, W,
WP, WPP, T, TP, TPP, MU, MUP, MUPP, ALFA, ALFAP, PRANDL

SUBROUTINE GRVEL

PURPOSE = To calculate the ratio of the components of the group velocity and
the group velocity angle

QUTPUT = VIG1, VIG2, TATA, EPGR



C. FORTRAN VARIABLE NAMES

Variable Name Description

ALFA d(MU)/dT, where MU and T are the viscosity and temperature
of the meanflow

ALFAP %__(d(MU )
y T

ALFAR ap., wave number component in x-direction

ALFAI aj, growth rate component in x-direction

BETAR By.» wave number component in z-direction

BETAI By growth rate component in z-direction

CHL L* dimensional characteristic length = (Ue* x*/ue*)]/2

ETA (y*/L*) nax

EPSI v = tan”) (8,/or)

EPSTP 7 = tan”! (8:/;)

EPGR Wgr = tan'1 (wB/wa); real part of the group velocity
angle

EPSICF ¥, wave angle for the crossflow instabilities

IFLAG Flag from the integrator to indicate the status of
the solution

IE Number of points in the boundary layer where the
meanflow quantities is given

KX k, = (ops oy), complex wave number in x-direction

Kz k, = {Bp, 8;), complex wave number in z-direction

MACH M., freestream Mach number

M Array of meanflow viscosity

MUP d(MU)/dy

MPP d?(Mu)/dy?

ND tan ¢ = we/ue



NS
PH
PR
PRA

TATA
TP
TPP

UFS
up
upp

WP
WPP
WN

XC

YI
VIGI
VIGZ
PHI
OMEGA
FREQ

CR

Station number along the chord

Array of solution vector from JOCK

Array of Prandtl number

The boundary layer edge value of Prandtl number

Reynolds number = Ue*L*/ue*

Array of meanflow temperature

wB/wa, group yelocity ratio

dT/dy

4%7/dy?

Array of meanflow velocity in x-direction
Dimensional freestream velocity

du/dy

d2u/dy?2

Array of meanflow velocity in z-direction
dW/dy

d2u/ dy?

wave number k or wavelength A/c

x location as percentage of the chord

Array of y-location in the boundary layer

Proportional to w , group velacity in x-direction
Proportional to wgs group velocity in z-direction
¢, potential flow angle in degrees

Complex circular frequency

Nondimensional frequency F (if f is input], or
dimensional frequency f (if F is input}

Wave speed



PGR Parallel growth rate calculated as
-0 -61- tan (w_ /w )

g" a’r
D The wall value of the eigenfunction which we iterate on
after convergence (it should be zero)
DKX Incremental variation of kx during the iteration
IW1 Number of performed orthonormalization
W2 Maximum number of allowed orthonormalization
IFL IFLAG
DEPSI Incremental variaticn of EPSI during the iteration
DALFAI - Incremental variation of ALFAI during the iteration
NIT Number of iteration



III. COMPUTER PROGRAM USAGE

The program calculates the stability characteristics at one or more
chordwise locations.
A. Machine Requirements
HADY-I executes on a computer CDC CYBER 175
B. Storage Allocation
The program executes in 125000 octal words of central memory
C. Timing
Timing for the job depends on several different options available for
running HADY-I. 1In a single execution, the CPU required depends on how near
is the guessed eigenvalue to the exact value, number of chordwise locations
where output is needed, . . . etc. . . . The CPU requirement for one chordwise
Tocation using a reasonable guess (not very far from the exact value) for one
disturbance frequency and one wavelength isabout 30 seconds.
D. Input/Output Files
The program card is
PROGRAM HADY (INPUT, OUTPUT, TAPE6 = INPUT, TAPE6 = OUTPUT, TAPE10)
TAPE10 is an input file that contains all meanflow profiles at different
chordwise locations on the wing, starting from the leading edge to the trailing
edge. At each location, meanflow quantities are stored from y = y, toy = 0.
E. Control Cards
The following control cards can be used to execute the program
JOBN, Tt, CM
USER, USERNO, PASSWRD.
CHARGE, CHARGNO, LRC.
GET, HADYI.
GET, TAPE10 = TAPEN.
REWIND, TAPE10.

GET, NBLHLIB/UN = 357811N.
LDSET, LIB = NBLHLIB, PRESET = INDEF.
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HADYI

EXIT

7/8/9 end of record
Input Cards

6/7/8/9

NBLHLIB is a special file that contains the integrator
Program Input

A11 input variables are read inside the program in a NAMELIST
statement

NAMELIST/SHEE/ISPTM, INCOMP, NSTATN, NSEND, NSTEP, ICASE, ICIZER,

FR, IFR, NFR, DFR, EPSI, IEPSI, NEPSI, DEPSI, EPSIP, IEPSIP, NEPSIP,
DEPSIP, ALFAR, ALFAI, BETAR, IBETAR, BETAI, WN, IWN, NWN, DWN, CHORD,
IPRINT, RE, AE, EPS, ITR, OMEGAR, OMEGAI

A description of these variables follows

ISPTM Flag for spatial or temporal stability calculations
ISPTM = 1 spatial
ISPTM = 2 temporal
INCOMP Flag for incompressible or compressible stability calculations
INCOMP = 1 incompressible
INCOMP = 2 compressible
NSTATN Chordwise station number where stability calculations start
NSEND Chordwise station number where stability calculations end.
NSEND = NSTATN if calculations is needed at one station
NSTEP Stability calculations are performed every NSTEP chordwise
stations
ICASE Flag for the method of calculation
ICASE = 1 TS calculations with MMSGR or MFWL
ICASE = 3 TS calculations with MFCWL
ICASE = 4 CF calculations with MMSGR or MFWL
ICASE = 5 CF calculations with MFCWL
ICIZER Flag for the method of calculation
ICIZER = 1 iteration on the eigenvalue for maximum growth
rate
ICIZER = 2 no iteration to maximize the growth rate
FR The disturbance frequengy, dimensional (f) in CPS, or non-
dimensional (F = 2nfy/Uc )
IFR Flag for the input frequency FR
IFR =1 F is an input

IFR =2 f is an input

11
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NFR

DFR

EPSI
IEPSI

NEPSI

DEPSI

EPSIP
IEPSIP

NEPSIP

DEPSIP

ALFAR
ALFAI
BETAR

IBETAR

BETAI
HN

Number of frequencies to be used in calculations at each
chordwise station

Incremental variation in FR if more than one frequency
is used
FR (new) = FR (old) + DFR

The wave angle ¥ in degrees

Flag to indicate how ¢ is calculated, IEPSI = 2 and IEPSI = 3
are used for CF calculations

IEPSI = 1 v is an input

IEPSI = 2 y =, + 90°

IEPSI = 3 V¥ is calculated from subroutine CFA
IEPSI =4 v = ¢

Number of wave angles to be used in calculations at each
chordwise station

Incremental variation in ¥, if more than one wave length
analyis needed
EPSI (new) = EPSI (old) + DEPSI

Angle of the growth rate vector, ¥ = tan~! (Bi/aj)

Flag to indicate how v is calculated
IEPSIP = 1 Y is an input

IEPSIP = 2 ¥ = ¢

Number of angles ¥ to be used in calculations at each
chordwise station

Incremental variation in ¥, if more than one angle 1is
needed
EPSIP (new) = EPSIP (old) + DEPSIP

oy wavenumber component in chordwise direction

1

oy growth rate component in chordwise direction

By wavenumber component, or Az*/C*, wavelength component
in the spanwise direction. C is the chord length
Flag for the input BETAR

IBETAR = 1 By, is an input
IBETAR = 2 AZ*/C* is an input

~ B, growth rate component in spanwise direction
’

k, wave number or A*/C* wavelength



IWN

NWN

DWN

CHORD

IPRINT

RE

AE
EPS

ITR

OMEGAR
OMEGA I

G. PROGRAM OUTPUT

Flag for the input WN
IWN =1 k is an input
IWNN = 2 Xx*/C* is an input

Number of wavenumbers or wavelengths to be used in the
calculations at each chordwise station

Incremental variation in WN if more than one is needed
WN (new) = WN (old) + DWN

The dimensional chord length normal to the leading
edge

Flag to control output printing
IPRINT = 1 Tlong print
IPRINT = 2 short print

Relative error tolerance used by the integrator
Absolute error tolerance used by the integrator

Relative error tolerance used in calculating the
eigenvalue

Maximum number of i{terations faor the eigenvaljue
calculation

Dimensionless circular frequency

Temporal growth rate

The output is controlled by IPRINT, see last section. The long print
contains the short one added to it, the eigenvalues, eigenfunctions of the
homogeneous problem, and adjoint eigenfunctions at different y-locations.

The output contains
NS, XC, R, CHL

NIT, KX, D, DRX, IFL, IW1 » IN2 (for TS calculations)

or MIT, KX,

KZ, EFSI, DEFSI, DALFAI, IFL, M1, IW2 (for CF calculations)

VIGI, VIG2, TATA, EFGR

KX, KZ, OMEGA, FR, FREQ

CR, MACH, ETA, E, N, PGR, D
PHI, EPSI, EPSIP

See section € for the definition of the FORTRAN variable names
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V. SAMPLE CASES

The meanflow used for the following sample cases is the same as in reference 2.

The boundary layer with suction on a 23° swept infinite span wing is
calculated (see Appendix I). The airfoil section is supercritical with normal
chord ¢ = 1.98 m including a trailing edge flap. The freestream conditions are;
Mach number = .82, total temperature = 393 K, and total pressure = .46 atm.

Figure 3 shows the geometry, the distribution of the pressure coefficient Cp,
and the distribution of the suction coefficient Cg = -poVo/PYs where the sub-
script 5 denotes wall condition.

Variables needed to be input are marked in the following sampie cases.

15
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CSSHEE " Case 4.- Calculation of the spatial growth rates of TS
disturbance at the frequency f = 5000 CPS'pro-
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" Case.5.- Calculation of the spatial growth_rate of stationary _
CF disturbance at a.specified location and ¥ = ¢. . .
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Case 6.- Calculation of the maxirmum spatial grow'tr_) rate of stationary = °
CF disturbance at a cpecified Tocation with ¥ = ¢.
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PROGRAM HADY(INPUT,OUTPUT, TAPES=INPUT,TAPE6=0UTPUT,TAPELOD)

PROGRAM HADY(INPUT,QUTPUTs TAPES=INPUT,TAPE6sOUTPUT,TAPELD)

Rk kR Rk ko kR ko kR ko pokok ok kR kkk kR kopk ok Rk kk kR Rk kkk

HADY-I, STABILITY ANALYSIS FOR
THREE-DIMENSIONAL BOUNDARY LAYER FLOWS

BY
NABIL M, EL-HADY

DEPARTMENT OF MECHANICAL ENGINEERING & MECHANICS
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ARk Rk kR R Rk Rk KRRk Rk kR Rk Rk Rk kR kR Rk kR Rk kk R

REAL MACH, KRR, MU, MUP, MUPP, KFF s ND

COMPLEYX XIsDyDTRyDFsCORsALAMyTATA,A(858)sBY(4s8)5EV(8)

COMPLEX KXoKXXsKZsKZZsQAsA375A48,A845A85,A87,EVV,0MEGA

COMPLEX A21,A245A25,A315,A345A35,G5A42,A43,A46,A064,A65,H1,H2
COMPLEX 21(101)522(101)5»23(101)524(101),25(101)5260101),271101),128
1(101)

COMPLEX W1(101)sW2(101)»W3(101)»W4(101),W5(101),W6(101),WT7(101),Wu8
10101

DIMENSINN, PH{16,101), BMI(8,16)» BMF(8,16)s BCIV(8)s BCFV{8)
DIMENSTON WORK(17000), IWORK(300)

COMMON /AAA/ XSAVE,KLs INDEXsNIT

COMMON /BRB/ KXsKXX»KZsKZZ»OMEGA»XIs»P»Q,GAMMA,QB

COMMNN /BB1/ XCy»CHLsUFS,RyMACHSETA»PRANDLsNDyNSyNY

SOMMON /CCC/7 Y(101),U(C101),UP(101)5UPP(101),W(101),WP({101),WPP(101
1)sT(101)sTP(101)» TPP(101)»MU(L101),MUP(101)sMUPP(101),ALFACLL01),5ALF
2AP(101),P2(1C1)

COMMON FFFF/ 71522523524515516517518

NAMELIST /SHEE/ ISPTM, INCOMP,NSTATNsNSEND)NSTEP, ICASE,ICIZER,FRyIF
1RyNFP,DFRyEPSISIEPSI S NEPST,DEPSI EPSIP, JTEPSTIP,NEPSIP,DEPSIP,ALFAR,
2ALFATIS)AETAR) TRETARSBETAI»WNyIWNSNWNsDWNCHORD,IPRINT,REHAE,EPS,ITR
3, (MEGAR, NMEGAT

JL=1

XI=(04s14)

GAMMA=], 4

F=0.8

J - N - N - 3 I 3 B S 3 B B b I P b

b b b bbb D e Pt
~NOVMELAWNHFOODNTRPWNE

g
0 @

20
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PROGRAM HADY(INPUT,OQUTPUT,TAPES=INPUT,TAPE6=OUTPUT»TAPELD)

Pe(l.+2.%F)/3,
Qz2.%(E+2.)/3.

Rk kokk ok ok kk ok kk ko k ko ko k ko kR kR ko bk ek kR kR k&

READING INPUT DATA AND PROFILES

o ok e sk o ook ok e ok ok o ok ok ko e e oK ok ok e ok ok e ko o ok ok ok ok sk ok ok ok ok ok ok ok kR ok ke s skoR ko k

READ (5, SHEF)

WRITF (6,SHFEE)

CALL FULL® (NSTATN, INCNMP)
QR=GAMMAXMACH*MACH

EPST=EPST/57.29577
DEPSTI=NEPST/57.29577
EPSIP=EPSTP/57,29577
DEPSIP=DEPSIP/5T7,.295T77

I1F (YCASEL.FQ,3,0R.ICASE.EQ.5) GO TQ 1
IF (TWN.FQe2) WN=26,2831853*%CHL/ (WN*CHORD)
GO0 TO 2

CONTINUE

IF (IRETARLFQ.2) BETAR=6,2831853*%CHL/(BETAR*CHORD)
CONTTINUE

PHI=ATAN(ND)

IF (IEPSTP.EQ.2) EPSIPaPHI

GO TD (65,354,5), IEPSI

EPSI=PHI+1,.57

G0 TN 6

CALL CFA (EPSIsNY)

GD 10 6

EPST=pPHI

CONTINUE

NIT=0

NITR=0Q

INDEX =21

INDOX=1

IF (TCASELFQ.3.0R.ICASE.EQ.5) GO TO 7
ALFAR=WN*CNS(EPSI)

RETAR=WN*STIN(EPSI)

GO TO 8

CONTINUE

IF (EPST.EQ.0.) GO TO 8

IF EPSI=0. ALFAR IS INPUT
ALFAR=BETAP/TAN(EPSI)
RETAI=ALFAT*TAN(EPSIP)
KX=CMPLX{ALFAR, ALFAI)
KZ=CMPLX(BETARSBETAIL)

IF (ISPTM.EQ.2) GO TO 10

P)Pb))))b)))bPP)DPDDDPDPPFPDPD)PP)PP)]’))DPDDD
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PROGRAM HADY{INPUT,OUTPUT,TAPES=INPUT,TAPEG=OUTPUT, TAPELD)

If (IFR.EQ.1) GO TO 9
OMEGAR=25,2831853*FR*¥CHL/UFS
OMEGAI=0.
DMEGA=CMPLX(OMEGARs OMEGAT)
FREQ=OMEGA/R

60 70 11

NMEGAR =FR*R
FREQ=OMEGAR*UFS/(6.,2831853%CHL)
OMEGAI=0,
OMEGA=CMPLY(OMEGAR,OMEGAT)
6N 10 11
OMEGA=CMPLX{OMEGAR, OMEGAT)

WRITE (6,56) NS,XCsR,CHL

TF (ICASE.EQ.1+0R ICASE.EQs3) WRITE (6553)

IF (TCASE«EQ+4+ORICASE«EQ45) WRITE (65 54)

CONTINUE

DO 13 I=1,8

DN 13 J=1,16

BMI(T»J)=D,

BMF(I»J)=0,

kkakdkok kkkk kokokkkokok ok ko Rk ko Rk kR kkkkk kA kpkkkk ke kpkk Rk k Kk k
BOUNDARY CONDITIONS AT THE WALL,HOMOGENEOUS PROBLEM

ko kkkk ok kkkkkrkkkkkkkpkbkhkhkkkkpkkkkkppkokkk bk ke krkhkekkkkk
BMF(1,1)=1.,

BMF(2,2)21,

BMF(3,5)=1,

BMF(496)=1,

BMF(5,9)=1,

BMF(6,10)=1.

BMF(7,13)=1,

AMF{8y14)a1,

DO 14 1Is=1,%

BCFV(I)=0,

BCIV(TI)=O,
Rkkkkpkkkkbkkpkkkk ok kkkk ko kdkkkkhkkkkkk kkkkokkk Rk ko khk ek kR rk
CALCULATINN OF EIGEN VALUES

ko kR ok Rk kR kok ok kkk kR ko k ok kkkkk ko kA kkkkkk kR Rk kR kk
CONTINUE

KXX=KX*KX

KZZ=KZ%KZ

OA=KX+ND*K7~0OMEGA

A21=XT*R*QA+KXX+K2Z

A24=X T¥KX *R-PXQB*KX*QA

PP DPDDDD
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92
93
94

96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135



0¥

* TIDY*

CII O

16

17

18

PRNOGRAM HADY(INPUT,OUTPUT,TAPES=INPUT,TAPE6G=0UTPUT,TAPELOQ)

A25=P¥KX%QA

A31a=XTkKYX

A34=2=XT*QR%XDA

A35=XT1*04A

A3T==-X1%KZ

G=R+XT+QB*0%QA

A42s-XT*KX /G

Ad3e(-KXX=KZZ-XI*R*QA)/G

ALb=XT%0%QA/G

A4B==XT*KZ/G
Abta-XT*R*PRANDL* (GAMMA=1, ) *MACH*MACH*QA
AES=XT*#RkPRANDL *QA+KXX+KZZ
AB4=XTHR*K7-P*KZ%QB%QA

ABS=PXKZ%QA

AB7=A2]

Y1 =A42%A246+A43%A34+A46%A64+A4T%AB4
H22A42%A25+4A43%A35+A46%A65+A48%A85
EV(1)==CSARPT(AZ1)
EV(2)=2<CSORT(05%(HL+A65)+CSQART{(0425%(H1-A65)*%2+H2%A64))
EV(3)s=CSORT(O0.,5%x(HL+A65)-CSQRT(0,25%(H1-A65)%%2+H2%A64))
EV(4)=EV(])

EV(S)==-FEV (1)

EV(6)==EV(?)

EV(T7)==EV(3)

EV(B)==EV(4)

Aok R kR ok ok A R R kR ok ok kK R R R KRR kR Rk kR Rk Rk Rk K
CTALCULATINN OF FIGEN VECTORS,HOMOGENEOUS PROBLEM
Ak ok kR ok ok ok kR kR ok R Rk R Rk kR Rk kR ok kR ko Rk Rk kR kR
DN 21 J=1,8

EVVsEV(J)*EV(J)

G0 TD (16h518,18517»16518918517)s J

Bl(1l,J)=1.,

R1(2,J)=0,

B1(3,J)=0,

Bl1(4,J))=0,

GO T0 19

B1(1sJ)=0,

R1(2,J)=0.

R1(3,J)=0,

Bl1(4,J)=1,

GO TO 19
Bl(l,J)={(FVV=A65)%A24+A25%A64)/(A21=-EVV)
B1(2,J)=A65-EVYV

B1(3,J)=-Ab4
Bl(4,J)=(A6L*AB5=-AB4%(A65-EVV))/(A21~-EVV)

PDD)P)DDD))PPPPPPPPP>)PDPPDPPDPP)P)D-PDDD):DD)D

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
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24

PROGRAM HADY(INPUT,OUTPUT,»TAPES=INPUT,TAPE6=0OUTPIT,TAPELOD)

CONTINUE

IF (J.EQ.4.,0R.J.EQ.8) GO TO 20
Al(lsd) =1,

Al25,0)=EV(J)

A(3sJ)s(A31%B1(1sJ)+A34%B1(2,J)+A35%B1(3,J)+A37%B1(4,J))/(EV(J)*B]

1(1.,J))

Al4,3Y=311(2,J)/B1(1,J)

A(S5sJ)=B1(3,J)/B1(1,sJ)

AlhsJ)wEV(J)*B1(3,J)/B1(1sJ)

A{T,J)=01 (4, J)/BL{1,J)
A(BsJ)=(AB4¥B1(2,J)+A85%¥B1(3,J)+ABT*B1(4sJ))/(EV(J)*¥B1(1,5J))

GD TO 21

A(1,0)=81(1,J)

A(2sJ)=EV(J)%B1(1,J)
Al2,0)=(A31*%B1(1sJ)+A34%B1(2,J)+A35%81(3,J)+A37*¥B1(4yJ))/EV(Y)
Al4,3)=R1(2y )

Al(5,J0)=R1(3,4)

AlbyJ)sEVI(JI*B1(3,J)

AlT793)2BL(4yJ)
A(ByJ)=2(AB4XB1(2,J)+AB5%B1(3,J)+A87T%B1(4,J))/EV(S)

CONTINUE

60 TN 29

ZONTINUF

np 23 1s=1,8

DN 23 Jaly1lée

BMI(I,J)=0.

AMF (I, J)=0,

o ok ok ok ok ok ok ok ek ok o ok ok ak ke 3k Ak o ol e ok o ok o ok ok e e ok ok koo ok ko ok e o o ok ik ok ok ok ek ke Rk ok ok kb ok
BOUNDARY CONDITIONS AT THE WALLs ADJOINT PROBLEM

whkkkk kb Rk ko kR kR kR kR kR ko Rk ok kk khkkkk
AMF(1,3)=1,

RMF(2y4)=1,

AMF(3,7)=1,

RMF(4,8)21,

BMF{5,11)=1,

AMFE(6y12)=1,

RMF(T7,15) =1,

RMF(8,16) =1,

sk ok ko koo kR ok ok kR Rk ke kR F kR ko kR ok k ko kkkkk ko kk ok kkk kR k
CALCULATINN DF EIGEN VECTORS,ADJOINT PRORLEM

N T I I T I T T T T I
N 28 J=1,8

FYV=EV(J)*EV (J)

GO TN (749255255265 24929925526)y J

Bl(1l,J)s1,

P> > DI RDDRDDD> P>
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184
185
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207
208
209
210
211
212
213
214
215
216
217
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224
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PROGRAM HADY(INPUT,OUTPUT,TAPESSINPUTsTAPEG=QUTPUT,TAPELOD)

Bl1(2,J)a(A26%(A65-EVV)-AH4*A25)/ (H2*A64~(H1-EVV)*(AL5-EVV))
R1(3,J)=(A25%(H1-EVV)~A24%H2)/(H2*A64-(H1-EVV)*{A65-EVV)})
Bl(4»J)=0,

G0 T0 27

B1(1,J)=0,

R1(2,J)=-A64

R1(3,J)=H1-FVYV

R1(4sJ)=20,

Go 1T 27

B1(1sJ)=0.

B1(29J)=2(ABL* (AELS-EVV)I-AHLG¥AB5) /(H2*¥A64~(HL-EVV)¥(AL5-EVV))
R1(3sJ)=(ARS¥({HI-EVV)-AB4%H2)/(H2%Ab4-(H1-EVV)*(A65-FVV))
Rl1(4,J)=1,

CONTINUE

A(15J0)=2R1(1,4)

A(253)3(-RBL1({1,J)-A42%B1(2,J)})/7EV(J)
A(3,J0)==A43%B1(2,J)/EV(J)

Al4y,J)=BY1(2,J)

A(5,J)=RB1(3,J)

AlbyJ)a{-A4b¥B1(2,J)-B1(3,J))/EV(J)

A(75J)=BY(4,J)

A(ByJ)z(=A4R%B1(25J)~BL{4s J))/EV(J)

CONTINUE

e 3k ke ook ok ok ok o ok ok ok ok sk ok ook e ok ok ok R kO A ok i ko ok ko ok e ok ok ok e s ok ok ok ok ok ok ok kol ok ok ke
BOUNDARY CAONDITIONS AT THE ENGE DF THE BDUNDARY LAYFR

ok kkk kkkkckkokkokk kbR kR ko ko kR kR kkk ko ok kR gk k
CALL CDMINV (A»8,DTR)

Mz 4

DO 30 I=1,7,2

L=0

MeMs]

NN 30 J=1,15,2

L=L+1

BMI{T»J)=A(M,L)

BMI(IsJ+1)=XTI%A(M,L)

N 31 T22,8,2

DD 31 J=21s165,2

BMI(TyJ)2=-3MI(I=-1,J+1)

BMI(I»Jd+1)2BMNI(I-1,J)

IWORK(11) =1
IWORK{1)=NY/6
IT=IWORK(1)

ne 32 1=1,11
WORK(TI)=Y (6*I-1)

PP DI DD
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255
256
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262
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PROGRAM HADY(INPUT,QUTPUT,TAPES=INPUT, TAPE6=OUTPUT,TAPELOD)

XSAVE=Q.

KL=1

IFLAG=0

ekdokmokkkkkok b kkkk bk Rk hkokkkkokkkkpkokokkkkkk kkkkkkkkk kb ke ek kb kkkkk k%
IMTEGRATINN AND ORTHONORMALIZATION

Ak kkkokkk b kR kb kok bk Rk ko k ke kkkk ok ko kkkk ok kk ko kk kR kg Rk Kk
CALL JOCK (PHs165165YsNY,BMI,8,BCIVsByBMF,)8sBCFVs8s0,RE)AE»IFLAGHY
10RK»17000, IWCRK» 300, 0)

DF=CMPLY(PH(3,NY),PH(4,NY))

COrR=1,/DF

D=CMPLY{PH({13,NY)sPH(14sNY))}*COR

MNB=TWNORK (1)

MYC=TWAORK (2)

GN TN (33+33,37,50)» INDEX

CONTINUE

TF (ICASELEN.4.OR.ICASE.EQ.5) GO TO 34

CALL RNITN (FPSISEPSIP,IFLAG)MNB,)MVCyDy ISPTM,ICASEsWN,EPS,ITR)
GN TO 35

CALL ZFTITN (EPSISEPSIP,IFLAGYMNB,MVCs Dy WNyEPS,ICASE,RETAR»ITR)
IF (ATMAG(KY) 4 GT+0s0010.,AND.IEPSI+NEs1) GO TO 46

IF (INDEX.FN.1+0RJINDEX.EQ.2) GI TO 15

CR=RFAL(NIMEGA)/REAL (KX)

DO 36 T=1,NY

71(T)=CMPLYX(PH{1,I),PH(2,1))%COR
Z2(I)=CMPLX{PH(3,1I),PH(4,1))%COR
Z3(T)aCMPLX(PH(55T)»PH(6sT))%*COR
26(1)aCHMPLY(PH(T,I)sPHI(8sI))%COR
75(1)=CMPLX(PH(9,1),PH(10,I))*COR
ZE(T)=CMPLX(PH(11sTI)sPH(12,1))*Z0R
IT7(T)=aCMPLX(PH(13,I)sPH(1l4,1))*COR
ZR{T)=CMPLX(PH(15,I),PH{1651))%COR

CONTINUE

ke ok ok kR k ok kok ok kokk ko Rk kR ok kR ok ko kR Rk kokkk ko ko kk ko kok kk kk Rk kkkk &
START THE ADJNINT PROBLEM

kkkkkkkk ok k ko Rk ko kR Rk kk kR k kk ko kR kkk kK
INDEX=3

G0 TO 22

CONTINUE

DE=CMPLX(PH(1,NY),PH(2,NY))

CORrR=1,/DF

DO 38 T=1,NY

W1(T)=CMPLYXI{PH(1»T)sPH(2,1))%COR
W2(T)=CMPLX(PH(3,1),PH(4,]1))*CDR
W3(T)sCMPLX(PH(55sI)sPH(6s1))*COR

> PP DDD
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PPOGRAM HADY(INPUT»OUTPUT,,TAPES=INPUT»TAPEG=0OUTPIT,TAPEL1D)

We(T)=CMPLX(PH(T,T)sPH(E»T1))*COR
WE(I)sCMPLX(PH(G9,T)}sPH(10,1I))*COR
WE(T) =CMPLX(PH(11,I),PH(12,1))*COR
W7(T)=CMPLX(PH(13,I)»PH(14s]))*COR
33 WE{I)sCMPLX(PH(1551)»PH{1651))%COR

¢
ALFAT==XT*KX
RFTAT ==X T*KZ
ALFAR =KX
RETAR 2K7
WN=SORT(ALFAR**2+BETAR®*2)
TF (TCASE.EQ.2) EPSIP=ATAN(BETAI/ALFAI)
IF (ICASF.EQ.3) EPSISATAN(BETAR/ALFAR)
s e ok ok 2ok ok ok sk ke Ok ok ok ok ok ok R e ok ok ik ook ok o ok e ok ok ok ok ok ok ke o o koK s ke kool ok dk ok e ko ok ke dkok ok ok ok &
z CALCULATION OF THE RATIO OF THE GRUUP VELOCITY COMPONENTS
ol dkokkk bk kkk ok kg kokkkkkkkkkkkkkkkkkkkkdk ok kR kR kkkokkokk ok kkkk ok k ko kk ¥k
IF (CABS(EV(2)).LT.CABS(EV(3))) GO TO 39
ALAMZEV(3)
TA=3
60 TO 40
39 ALAMSEV(2)
TA=2
40 CALL GRVEL (ALAM; W2, W3,Was WOy WBy TATALEPGR)SM)
TF (ISPTM,EQ,2) GO TO 41
PGR=-ALFAT-RETAT#SM
60 TO 42
41 PGR=NMEGAT
FPeNMEGA/R

FREQ=OMERARXUFS/(6.2831853%CHL)
42 WRITE (6955) KXyKZsOMEGA»FRyFREQsCRyMACH)ETASNY, WNyPGR,ZT7(NY),PHI*
157429577, FPSI%57,29577,EPSIPX57,29577
GIMes=XT*TATA
AR R RO R KRRk R KR R K Ok R R Ok kR R R Rk Rk kR R
TTERATION FOR MAXIMUM AMPLIFICATION RATE
kkkk ko hkkkkkk kb k ok ko ko kkkkk kR ke ke ko kb ok ke kkhkk ¥k
TF (ICTIZ2ER,NEL,1) GO TO 43
IF (A3S(GTM),LE.1.E-05) GO TO 43
TALL GIMTR (GIM,EPSISEPSIP»ICASE,NITB,INDOXs WN,EPS)
NIT=0
INDEX =1
ITF (TNDOX NF,.10) GO 7O 12
43 CONTINUE
IF (IPRINT.FQ.2) GO TO 46
WRPITE (6,58)
WRITE (6+60) EV(1)sEV(2),EV(3),EVI4)

€I
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347
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352
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44

€I B

47

48

49

50

PROGRAM HADY({INPUT,OUTPUT,TAPES=INPUT,TAPEG=0UTPUT»TAPELOD)

WRITE (6,61)

DN 44 I=]1,NY,5

WRITE (6557) Y(I)sZIl(INsZ3(1)»Z5(1),27(1)
WRITE (6557) Y(NY)»Z1(NY)sZ3(NY)}sZ5(NY)»ZT(NY)
WRITE (6,59)

DO 45 I=21,NY,5

WRITF (6557) Y(I)sW2(I)sWe(I)sW6(T)sW8(I)
WPITE (6557) Y(NY)sW2(NY)s W4 INY), WHE(NY) s WB(NY)
CTONTINUE

ok kokkk kR koo ko kkok ook Rk kok kR Rk ok kR ok kR ko ko ko ok kk ke ke k kkkhkkkk ¥k
ANDTHER FREQUENCY/WAVE ANGLE/WAVENUMBER /DOWNSTREAM STATIDN
ok hkkkk kb kb kg kkr kR bk ekbkk kb kg khhkkki
IF (NFR.,GT.1) GO TN 47

IF (NEPST,.GT.1) GO TO 48

IF (MWN.GT,1) GO TO 49

NSTATN=NSTATN+NSTEP

IF (NSTATN.GT.NSEND) STOP

KRR=WN /CHL

RKR=BETAR/CHL

CALL FULLP (NSTATN, INCOMP)

WhN=KP*CHL*0,99

IF (YCASE.EQ.4) WN=KRR*CHL

YF (ICASFeFN,3,0R.ICASE.EQ.5) BETAR=RKR *CHL

6N T 2

CCNTINVE

JL=JjL+]

IF (JL.GT.NFR) STOP

KFFeWN /FR

FR2FR +DFR

WNEKFF*FR¥*0497

GO TD 6

TONTINUE

Ji=JL+1

TF (JL.GT.NEPST) STQOP

FPSI=EPST+NFPSI

GN TN 6

CNNTTINUE

JL=JL+1

IF (JL.GT.NWN) STOP

WN=WN+DWN

GN TN 6

WRITE (hs52)

STne .

WRITF (6,51)

sTOP

P DD PP DD DD
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c

51
52
53

54

55

56

57
58
59
650
51

PROGRAM HADY(INPUT,OUTPUT,TAPES=INPUT,TAPE6=QUTPUT,TAPELD)

FORMAT (1H ,10HHA HA HA)

FORMAT (1H ,26H NORM=2)

FORMAT (1H s1Xs3HNIT,13Xy)2HKX924X»1HD922Xs3HDKX912Xs3HIFLs»1Xs3HIW]
1,1X,3HIW27)

FOPMAT (1H s 1Xs3HNIT,13Xs2HKX924Xs24KZs 17Xs4HEPST»8Xy 5SHDEPST»8X,y 6H
10ALFAT )5Xs3HIFLy1Xs 3HIWLs 1 Xy 3HIW2/)

FORMAT (14 »5Xs3HKX2s2(ELL1e5s1X)»3HKZ=)2(EL14.591X)»6HOMEGA=,2(EL1,
1551%) 9 3H"R=5F11455s1X»5HFREQ=9»EL11.5//95Xs3HCR=pEL11,5,1X,5HMACH=,E1]
251X 9 4HETA=,EL1L1e501Xs3HIE=) 151Xy 3HWN=pEL1L1e5,) 1Xy4HPGR=,EL114551Xy2
3UN=, 2 (EL1 459 1X)//95X»4HPHI=»FOuab4s 1Xs SHEPSI=®sF9,64,1Xs6HEPSIP=,FQ,4)

FORMAT (1H »/7/7/7/755Xs3HNS=s 155X 3HXC=yE1144s 5Xs2HR=2,EL110%s5X,4HCHL
1=,F11.4/)

FARMAT (1H ,1XsF5.2»1%X,6(D94351X»E943,1X))

FORMAT (14 ,1?2HEIGEN VALUES/)

FPRMAT (1H »1Xs42HEIGEN FUNCTIONS-ADJOINT(W1l,W2sW3sWl)yWbyW8B))

FORMAT (1H s5X,10(D1le4s1X)//7)

FORMAT (1H ,62HEIGEN FUNCTIONS-REGULAR{Z19Z22523515526527))

END

DD > DD DD D> P>

406
407
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409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424~
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SUBRJUTINE FULLP (NW» INCOMP)

SURRNUTINE FULLP (NW,INCOMP)
REAL MACH,MU,MUP,»MUPP,ND
CNMMON /8R1/ XCsCHLsUFSsRsMACHIETA,PRA,NDsNS,»IE
TOMMON /7CCC7 YI{101),U(101),UP(101),UPP(101)sW(101),WP(101),WPP({10
11),T(101),TP(101)s TPP(101)sMU(101),MUP(101)sMUPP{101),ALFA(L01),AL
2FAP(191),PR(101)
1 CONTINUE
READ (10) NS, XCHyMACHIR,CHLIUFSHETASPRASNDHIE

Ly

READ (10) (YI(I)»I=1,IE)
RFAD (10) (U(I)sI=1,IE)
PEAD (10) (UP{I)sI=1l»IE)
READ (10) (UPP(I),I=1,IE)
PEAD (10) (W(I)sIal,IE)
READ (10) (WP(I)sI=1»IE)
READ (10) (WPP(I),I=1,IE)
READ (10) (T(I)sIl=lsIE)
RFAN (10) (TP({I)sI=1s1E)
PEAD (10) (TPP(I)sI=1,1IE)
READ (10) (MU(I)»I=1,1IFE)
READ (10) (MUP(I)s»I=21,IE)
PEAD (10) (MUPP(I),I=1,1E)
REAN (10) (ALFA(I)sIsl,IE)
REAND (10) (ALFAP(I)sI=1»1E)
RFAD (10) (PR(I),I=1,1IE)
TF (MSJLT.NW) GO TO 1
ND=W(1l)

IF (INCOMP,NE,1) RETURN
MACH=0,0001

DN 2 T=1,1E

T(I)=1,

TP(T)=0,

TPP(I)=0,

MU(T) =1,

MUP(T)=0,

MUPP(T)=n,

ALFA{T)=0,R

ALFAP(TI)=0,

RPFTURN

FND

WP IRIIPIOIIRODIPIPRIIRPPIODEPORDOERDIPEREPOE IO

OD@ NP LN
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SURROUTINE FMAT (XsY»YP»IGOFXsSsSP)

SUBRQUTINE FMAT (XsYrYPs» IGOFXsS»SP)

REAL MACH, MH, MUP, MUP Py ND

COMPLEY G19G2sG39649555G6,GT7sG85sZ1222»7Z35745259269XTsXXsKXXsKZ9KZ2Z
1+QA,0C,0MFRA,Z77,18

TNMPLEX A?21,A23,A26-A25,A315A34,5A35)0G5A41yA02sA035A04,A05,A%6
COMPLEX A63,) Ab4yA659A37,A489A845A85,A879A47,A83

DIMENSTINN Y{1)s YP(L)s S(1), SP(1)

CNMMON /7AAA/ XSAVEs KLy INDEX,NIT

FOMMNON /R0 7 KY . KYY K7 .KZ7727._0OMECA_YT.D.AN
LCURIEN 7970727 NAPONAAPRNLINLLIUTICIRI ALFT § o

COMMON /BR1/ XCsCHL»UFS,RyMACHSETA,PRA,

Zw

IF {XSAVE.FN.Y) GO TO 1

IF (XSAVE.LT.X) KL=1

XSAVE=X

CALL PRNOF (XsUlsULPsUPPsW1lsWlPsWdPPsTosTP,TPPyMU,MUPsMUPP,ALFA,ALFAP
1, PPANDL,KL,INDEX)

QA=KX®UJ1+K7*xWwl-(OMEGA

Or=KY ¥J1P +K7*W1P
QD=PRANDL®(GAMMA=-1, ) *¥*MACH®MACH

A21=XT*R*QA/ (T*MUY+KXX+KZZ

A22=-MUP/ My

A23aR*ULIP/ (TH*MUI-XI*K Xk (MUP/MU+P*TP/T)
A262XT¥R¥KX/ MU=P*QB *KX*QA
A25=P¥KX*CGA/T—(ALFAXUPP+ULIP*ALFAP) /MU
A26s—-ALFAXULP /MU

A3Ya-XT*kKX

A23=TP/T

A34=-XT*QB*0NA

A3S=XT*QA/T

A37=~-XT%K7

GaR/MU+XT*NR*Q*0QA

AGla~XTHKX*(2 *MUP/MU+Q*TP/T) /G
AG2=~XT#*KX/G
AG3e(~KXX=KZZ+(Q*¥MUPXTP/MU+Q*TPP~-XI*R*¥QA/MU)/T)/G
AGGa-XT*D*QR*(QAX(MUP/MU+TP/T)+QC) /G
AGS=XT*((ALFA/MU+Q/T)I*QC+Q*MUP*QA/ (T*MU) ) /G
AabaXT*Q%0QA/ (T*G)

AGT=x=XTHKZ*(2 ,¥MUP/MU+Q*TP/T) /G
AGBz-XT1%K7/G

AR2=-2 *QD*Y1P
AE3AsR¥PRANNDL*TP/{ T*MU) -2 . ¥ XI*QD*0QC
Ab4==XT*¥R*QD*QA /MU
A6SaXTHR¥PRANDL*QA/ (T*MU)=ALFA*QD* (ULP*U1P+W1P*W1P) /MULKXX+KZIZ~MUP
1P /MU

AfREx=2 *MUP/ MU

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

NO O~ O W N
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SUBROUTINE FMAT (X»Y»YP» IGOFXs»Ss»SP)

A6B==2 , #QN*W]P

AB3=P#WLP/ {T#MU)-XI*(MUP/MU+P*TP/T)#KZ

AB4=K 2% (XT*R/MU-P*QB#QA)

ABS=~ (ALFA*YPP+WIP*ALFAP)/MU+PXKZ*QA/T
ABGa-ALFA*WLP/MU

ABT7=A21

ABB=-MUP /MU

T INTTNUE

GLECMPLY(Y(1),Y(2))

G2=CHMPLY(Y(3),Y(4))

G3=CMPLX(Y(5)sY(6))

G4=CMPLY(Y(7),Y(8))

G5=CMPLX(Y(9),Y(10))

GE=CMPLX(Y(11),Y(12))

G7=CMPLX(Y(13),Y(14))

GRECMPLX(Y(15),Y(16))

TF (INDFX.E0,3.0R.INDEX.EQs4) GO TO 2
YP(1)=v(3)

YP(2)2Y(4)
712A21%61+A22%G2+A23%G3+A24%G4+AZ5¥G5+A26%G6
YP(3)27]

YP(4)2=XT471
72=A314G1+AI3%G3+A34¥G4+A35%G5+A3THGT

VP (51272

YO (6)==XT 472
732A41*G1+AL24G2+AG3*G3+A44¥GA+AGS*GO+A4EXGH+ALT*GT+A4B%GS
YP(7) 223

YP(B)==XI*13

YP(9)=Y(11)

YP(10)=Y(12)
76sAR2%G24863%CA+A04¥GH+AODXG5+A06*GE+A6E*GS
YP(11)=74

YD (12)a-XT*Z4

YP(13)aY(15)

YP(14)=Y(16)
757AB3%G3+ARAKGA+ABSKG5+ABOKGH+ABTHGT+ABEXGE
YP(15)=75

YP(16)==XT4Z5

RETURN

CONTTINUE
Z1==p21%G2-A31%G3-A41%G4
Ye(y)=71

YP(2)s-XT%*]1
12x=G1-A22%G2-A62%G4-A62%G6

s XsXnXz Xz Xz ke Xz XXXz X X2 Xz X2 k2 Xa X2 2 X2 X2 K3 X2 X2 X2 X X2 Xz K Ks Ae R Ra R Na Ra e He Re Ne e Ne Xe Ra Ny ]
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SUBRQUTINE FMAT (X»YsYP,»IGOFXsSsSP)

YP(2)=2?

YP(4)a=XT*7?
13=-£23%G2-A33%G3-A43%64—~A63%G6-ABI*GE
YP(£) 273

YP(6&)z=XT*73
T43-A24%52-A34%G3-A44%G4—ALL¥GH-AR LG
YP(7) 224

YP(B)==XT*74
15x=A25%G2=A35%G3~A45%G4~A55%G5-A85%GS
YP(9)=215

YP(10)==XT*75
1F==A26%G2-A46%64~65~A66%G6-AB6*GH
YP(11) =26

YP(12)==XT*76

175=A37%G3-A4T*G4—ABT*G8

YP(13)a77

YP(14)s=XT*27
IR==A48%G4-A68%GH-GT~ABB%GS

YP(15) =22

YP{16)==XT%78

RETURN

END

ODOIOOOIOOIIOIOITITIODNDIODNIODOIDIODOD
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SURPNYTINE CFITN (EPSI,EPSIP, IFLAG,MNB, MVCsD,WNsEPS, TCASE,)BETAR, IT

SUBROUTINE CFITN (EPSISEPSIPSIFLAGyMNB,MVCyDsWNsEPS,ICASE,BETAR, IT
1R)

TOMPLEX KYyKZ,0OMEGA,DyKXX9yKZZyXI

COMMON /AAA/ XSAVE»KLs INDEX,NIT

COMMON /8B8/7 KX, KXXyKZsKZZsOMEGA»XI»P»QsGAMMA,QB

DEL=,0005

GN TN (15391s3)s INDEX

1 NAR=N
DAI==XT1%D
FPSIA2EPST
ALFATA==XT*KX
DEPSI=EPSTI*DEL
IF (DEPST.EQ.0.) DEPSI=DEL
EPST=EPSI+NFPSI
TF (ICASELFR,5) GO TO 2
BETAR=2WNXSIN(EPSI)

2 ALFAR=RETAR/TANC(EPSI)
RAETAT=ALFATA*XTAN(EPSIP)
KXsCMPLX(ALFARy ALFAIA)
KZ=CMPIX(RETAR,BETAI)
INDEX =2
INDOX=1
RETURN

3 CONTINUE
IF (INDOX.FQ.2) GO TO S5
NDFRS=(RFAL(N)-DAP)/DEPSI
DFIS=(ATMAG(D)~-DAI)/DEPSI
EPST=EPSIA
DALFAT=ALFATA*DEL
ALFAT=ALFATA+DALFAL
TF (ICASE.EN,5) GO TO ¢
BFTAR=WN*SIN(EPSI)

4 ALFAR=BETAR/TANC(EPSI)
BETAT=ALFAT*TAN(EPSIP)
CXsCMPLX(ALFAKSALFAI)
KZ=CMDLX(RETAR,BFTAT)
NTTsNTT+1
IF (NIT.GELTITR) GO 70 11
INDEX =2
INDAX =2
RETURN

5 DFRAI=(RFAL(D)=-DAR) /DALFAIL
DFIAT=(AIMAG(D)-CAI)/DALFAI
SAL=RNFRS*DFTAI-DFRAIXDFIS
TF (SAL.FR.0,) GO TN 8

VOo~NOTWMPH N
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10
11
12

13
14

SURRAUTINF CFITN (EPSI,EPSIP,IFLAGsMNBy MVCsD,WNsEPS,ICZASE,BETAR, IT

DEPST=(-DAR*DFIAI+DAI*DFRAI)/SAL
DALFAI=(NARXDFIS-DAT*DFRS)/SAL

WRITE (6513) NITsKX»KZyEPSI*57,29577sDEPSI*57.29577sDALFAT» IFLAG,M

INB,MVE

TF {ABS(NDEOST ). LELEPS,AND, ABS(DALFAT)},LELEPS) GO TO 10

TF (ARS(DFPSI). LE(+402%ABS(EPSI))) GO TG 7
DEPSI=,5%DFPSI

G TD 6

IF (A3S{NALFAI) LE.(+5%ABS(ALFALI))) GO TD 8
DALFAT=.5%NDALFAI

Go Th 7

CNONTINUE

EPST=EPST+DFPSI
ALFAT=ALFAT+DALFAI

IF (NIT.FQ.TTR) GO TO 11
IF (IZASE.EN.5) GO TN 9
BRETAP=WN*SIN(EPSI)
ALFAR=RETAR/TAN(EPST)
BETAT=ALFATIXTAN(EPSIP)
KX=CMPLXUALFAR, ALFAT)
KZ=CMPLX(RETAR,BETAI)
INDEX=1

RETUPN

INDEXa 10

G0 TO 12

WRITE (64+14)

STOP

RETUPN

FOPMAT (1H ,1X,12,7E134451X»3(13,1X))
FORMAT (1H ,27HEXESSIVE NO. OF ITTERATIONS)
EMD

VOO0 OUDOITDIOVDOIODOIDOIDVDODOOOLDD
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SUBPOUTINE RNITN (EPST,EPSIPsIFLAGSMNBy MVCsDsISPTMyICASE,WNyEPS,IT

SUBROUTINE PNITN (EPSILEPSIPyIFLAGsMNBs MVCs Dy ISPTMyICASE,WNyEPS, IT
1R)

COMPLEX DyDA,DKsKXy)KZ,OMEGA,)DPHDOK» Ky XTIy KXX9KZZ

COMMON /AAA/ XSAVEsKL»INDEX,NIT

COMMON /BRBR/ KXsKXXsKZsKZZ,DOMEGA,XI»P»Q,GAMMA,QB

DFEL=,005

G0 TO (1,751s7), INDEX
DA=D

IF (ISPTM.EQ.2) GO TO 6
NK=KX*¥NDEL

KX=KX+DK

ALFAR=KX

ALFAT=-XT#*KX

RETAR=2KZ

BETAT==XT#K7

GN TO (45352), ICASE
RETAT=ALFAT*TAN(EPSIP)
EPSTI=ATAN(RETAR/ALFAR)
GO 10 5
BETARP=ALFAR®TAN(EFST)
G0 10 5
RETAR=ALFAR®TAN(EPSI)
BETAT=ALFAT*TAN(EPSIP)
KZ=CMPLX(RETAR,BETAI)
NTIT=NIT+1

INDEX=2

RETURN

CONTINUE

DK=0OMEGA*DEL
NMEGA=NMNEGA+DK
NIT=NIT+1

TNDEX=2

RETURN

CONTINUE

NPHNK={D=DA) /DK

NK==D/NPHDK

IF (TSPTM,EQ.1) K=KX

IF (TSPTM,ER,2) K=OMEGA

TF (CARS(DK/K).LELEPS) GO TO 15

IF (CABS(NDK) LEL.(0.2¥CARS{K))) 50 7O 9
DK=0.5%DK

GO TN 8

TONTINUE

mmMmmMmMMmMmMMmMmMmMmMmMmMmMmMmMmmmMmMmMmMmMm MmmmmmMmhmmmmmmmmmmmmammmmmmmm
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10

11
12

13

14

bt YD

17

18
19

SUBROUTTNE PNITN (EPSILEPSIP,IFLAGsMNByMVC,D,ISPTMy ICASE»WNSEPS,IT

WRPITE (5518) NITyKsDsDKsIFLAGsMNB,yMVC

IF (ISPTM.EN.2) GO TN 14
KX2KX +DK

ALFAPR =KX

ALFAT ==XT*KX

RETAR=XKZ

BETAI x=XT%K7

GD TN (12,11,10)» ICASE
BFTAIsALFAT*TAN(EPSIP)
EPSI=ATAN(RETAR/ALFAR)
GO TO 13
BETAR=ALEARKXTANI(EPSI)

GO TO 13
BETARP=ALFARXTAN(EPSI)
BETAIsALFAT*TAN(EPSIP)
CONTINUE
KZ=CMPLX(BETAR,BETAI)
DA=D

IF (NTT.EQ.TTR) GO TO 16
NITaNTT+1

INDEX=?

RETUPRN

COANTTINIE

OMEGA=NMEGA+DK

NDA=D

YF (NIT,EQ.TTR) GO TO 16
NIT=NTT+1

INDFEX=2

RETURN

CONTINUE
INDEY=10

60 TO 17
WPITE (6,19)
STNP

RETUPN

FORMAT (1Hs1X,I2,6E13,451X93(I3,1X))
FORMAT (1H,27HEXESSIVENOL.OFITTERATIONS)

END

mmMmMmMmMmMmMmMamMmmMmMmMmMmMmMmmoMmMmMmmMmMmMmmmmmMmMmMmmmmmmmmmmmmm
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SUBRNUTINE GIMTR (GIM,EPSI,EPSIP,ICASEsNITB,INDOX,WN,EPS)

SUBRDUTINF GIMTR (GIMsEPSISEPSIP,ICASEsNITB, INDOX,WNSEPS)
COMPLEX KZsKXp X1y OMEGASKXXyKZZ
COMMON /BBB/ KXy KXXyKZyKZ2ZsOMEGAs XI,P»2,GAMMA,QB

S

NELX=,0005

ITR=10

GO TO (1,6)s INDOX
GIMA=GTM

RETAR=KZ

RETAT=~XT*KZ

ALFAT ==XTI*KX

G0 1O (13,453,2), ICASE
DWNaWN*DEL X

TF (DWNJ.EQ.O.) DWN=DELX
WN=WN+DWN

ALFAR=2WN*COS (EPST)
BETAR=WN*SIN(EPSI)
KX=CMPLX(ALFARyALFAI)
6N 10D 5

DEPSI=FPST*DELX

IF (DEPSI.EN.O.) DEPSI=DELYX
EPSI=EPSI+NEPSI
ALFAR=UN*COS (EPST)
BETAR=WN*SIN(EPST)
KX=CMPLX(ALFAR,ALFATI)
GO 10 5
DBETP=BETARXDEL X

IF (DBETR.FQ.0.) DBETR=DELX
BETAR=RETAR+DBETR

GO TO 5
DBETI=RETAT*DELX

IF (DRETI.EQ.O0.) DBETI=DELX
RFTAI=BETAT+DBETI
(Z=CMPLX(BETAR,BETAI)
NTITR=NITB+]

INDOX=2

RETURN

CONTINUE

GO TO (13+859,7), ICASE
DPHOK = (GIM=-GIMA) /DWN
DWN==GIM/DPHDK

IF (ABS(DWN/WN).LE.EPS) GO TO 11
WRITE (6516) NITB,WNsGIMsDPHDKsDUWN

WN=WN+DWN
ALFAR=WN*CNS{EPST)

Lt M2 Mt Bt i ¢ M 2 B 2 B o M 2 Bt M o B 2 M £ B ¢ T W B o M 2 W B < e B 1 W 1 B T s T 2 M B T s B a B B M s T B e M i B 1 M 1 M 1 i s B B 1|
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SURRAOUTINE GIMTR (GIMyEPSISEPSIP,ICASE,NITB,INDOX,WNsEPS)

RETAR=WN*STN(EPST)

ALFATz=XT*%*KX

RETAT==XT*KZ

KX=CMPLX{ALFARs ALFAI)

GN TN 10

DPHOK={GIM-GIMA)/DEPSI
DEPST==GIM/NPHDK

IF (ARS(DEPSI/EPSI).LE.EPS) GO TO 11

WRITE (65,16) NITB,EPSI*57.29577sGIMyDPHDK,DEPSI*57,29577

EPSTI=EPSI+DFPSI

ALFAR=WN*COS(EPST)
BETARP=WNXSTN(EPSI)

ALFAT==XT %KX

BETAI ==XT*KZ

KX=CMPLX(ALFARs ALFAI)

GO TO 190

DPHDK = (GIM=GIMA)/DBETI
DBETI==5TM/0OPHDK

IF (ABS(DRETI/BETAI},LELEPS) GJ 7O 11
WRITF (6516) NITB,KZ,GIMsDPHDK,DBRETI]
BETAR=KZ

BETAI=BSTAI+DBET]

Gn 10 10

DPHDK=(GIM-GIMA)/DBETR
DRETP==GIM/DPHDK

IF (ABS(DBETR/BETAR).LEL.EPS) GO TO 11
WRITF (6,16) NITB,KZ,GIMsDPHOK,DBETR
BETAT=-XTI*KZ

RFTAR=BETAR+DBETR
¥Z=CMPLX(RETAR,BETAI)

GTMA=GTIM

NITB=NITR+1

IF (NITB,EQ.ITR) GO TD 12

INDOX =2

RFTURN

CONTINUE

ITNDNX=10

GO 1O 14

WRITE (6,15)

stae

RETURN

FORMAT (1H ,26HEXESSIVE NO. OF ITERATIONS)

FORMAT (1H,1X»12,2E13.45E13.454E13.4)
END

11'"11‘“11'“‘!1111111‘“111111‘"‘"'“1111‘“11111111'“11'“1111'"111111‘“1111'"111111'“111!‘“11
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SUBROUTINE SONG (NsXyYM,2Z)

SHBROUTINE SONG (NsXsYMy2)

COMPLEX X{(N),Z

DIMENSION GM1(101)» GM2(101), YM{101)s Y(101)
DO 1 T=1,N

Y{I)=YM(N+1-1)

GMI(T)sREAL(X{(N+1-1))
GM2(TI)=ATMAG{X(N+1-1))

VRI=0,

VIii=0,

pnN 2 T=24N
VRTaVRI+(GML(T)I+GML(I-1))*(Y(T)~Y(I-1))/2,
VIT=aVII+(GM2(I)+GM2(I-1))*(Y(I)-Y(I-1))/2,.
C ONTINUE

ZsCMPLX(VRILVII)

PETURN

END

OO OODDOHDODDODHODOODOODO O

ODNCWVMEL WN
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SUBROUTINE CFA (EPSICFsN)

SUBROUTTINE CFA (EPSICF»sN)

REAL ™MUyMUP,MUPP

DIMENSINAN J(101)s W(1lO0l)s UPP(101), WPP(101)

COMMON /CCC/ Y(101),U1(101)5UP(101),ULPP(101)s»W1(101)sWP(101)sWL1PP
1(101),T(101),TP(101),TPP(101)»MU(101),MUP(101)sMUPP(101),DVDT(101)
2sDVDTP(1N01)s PR(101)

DD 1 J=1l,N

IT=N=-J+1

Ui =u10d)

W{T)=Ww1(J)

UPP(T)Y=l1pPP(J)

WPP(T)=W1PP({J)

CONTINUE

Bl=1,E+06

DN 2 I=2,4N

IF (U(1)eGT.0.,599) GO TO 3

Al=U(T)/W(T)

A2=UPP(T)/WPP(I)

R2=A1=A2

IF ((B2.GFa0seANDeBYeLFEoO¢)eORa{B2sLE+sDeeaAND BLlsGEsD.)) ISAVE=I

Bl1=R2

CONTINUE

CNNTINUE

EPSICF==~ATAN(U(ISAVE)/W(ISAVE))+3,.1415977

WPITE (654) EPSICF*57.29577

RETUPN

FORMAT (1H » THEPSICF=,E12.5)
END

rrrr*t I IXI X IrIIIIXIIXIIIILI LI IXTITIIIITIT
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SUBRNUTINE PROF (YARGsULsUP,UPPyWLsWPsWPPTLsTP,TPP,MU,MUP,MUPP, AL

SUBRNUTINE PROF (YARG)ULsUPSUPP, WL, WPyWPPyTL,TP,TPP, MU, MUP,MUPP, AL
1FA»ALFAP, PRANDL,sKLy INDEX)

REAL TINTER

REAL MU,MUP,MUPP,MACH,ND

COMPLEX KXsKZ)UOMEGAKXX9KZZyXI

COMMON /8887 KXsKXXsKZsKZZyOMEGA,XI»Py»yQsGAMMA, QB

COMMON /BB1/ XC»CHLYUFSsRsyMACHSETA»PRAsNDsNS,IE

COMMON /CCC/ Y(101),U(101),DU(101),DDU(C101)»W(101),DN(101),DDW(101
1),T(101),DT(101),DDT(101),VS(101),VSP(101),VSPP(101),DVDT{101),DVD
2TP(101),PR(101)

DO 1 J=KL,IF
T=J
IF (YARG.,GT.Y(J)) GO TO 2
TF (YARG.EQ,Y(J)) GO TO 3

1 CONTINUE

2 MIN=T-3
IF (I.LE«3) MIN=]
IF (1.GE.(TE=2)) MIN=IE-6
UL=INTER(Y,U,YARG,6,MIN)
UP=INTER(Y»DU,YARG»6,MIN)
UPP=INTER (Y, DDUs YARGs 65 MIN)
WUsINTER(Y,Ws YARGs» 65 MIN)
WPaINTER(Y»DW»YARG,6,MIN)
WPP=INTER(Ys»DDWs YARG»HSMIN)
TL=INTER(YsT,YARGs»O6s MIN)
TPaINTER(Y,NT,YARGy6,»MIN)
TPPsINTER(Y, DDT» YARG» 65 MIN)
PPANDL=PRA
MU=INTER(Y»VSsYARGy 65 MIN)
MUP=INTFR(Ys»VSP, YARGs6sMIN)
MUPP=TINTER(Y,VSPPyYARGs» 6 MIN)
ALFA=TINTER(Y,DVDT»YARG,6»MIN)
ALFAPsINTER(Y,DVDTP, YARG»6sMIN)
Kl=T
RETURN

3 UL=U(T)
UP=DU(T)
UpPPaDDU(TI)
WL=W(T)
WP=DW(TI)
WPP=DDW(I)
TL=T(T)
TP=sDT(T)
TPP=NDTI(T)

F‘HHHHMHHHHHHHHMHHHHHHHHI—OHHHHM-H”HHHHHHHH‘-‘HHNHH
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SUBRNUTINE PROF

PRANDL =PRA
MU=VS(T)
MUP=VYSP(T)
MUPP=YSPP(T)
ALFA=DVDT(I)
ALFAP=DVDTP(I)
K=Y

PETURPN

END

(YARG UL UP UPP WLy WPIWPP,TL,TP, TPP, MU, MUP, MUPP, AL

e Rl e B B N o B N ]

46
47
48
49
50
51
52
53
54~
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REAL FUNCTIONINTER(XsYsXARGs IDEG,MIN)

REAL FUNCTIONINTER(X,YsXARG,IDEG,MIN)

DIMENSION X(101)y Y(101)
FACTOR=1,0

MAX=MTIN+TDEG

NO0 2 JsMIN,MAX

IF (XARG.NE.X(J)) GO T0 2
INTEP=Y(J)

PETURN
FACTDRFACTOR*(XARG-X(J))
YEST=0,0

DO & T=MIN,MAX

TERM=Y (T)*FACTOR/ (XARG=X(I))
DO 3 J=MIN,MAX

IF (TeNEJJ) TERM=TERM/ (X(I)=X(J))
YEST=TERM+YEST

INTER=YEST

PETURN

END

o € Cn Con G Cp G €y Gy G G G G G G G G G
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SUBROUTINE GVEC (XsC»S)

SURRNUTINE GVEC (XsC»S)
DIMENSINN C(1), S(1)
PETUPN

FND

RARAARARRXR

S W
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14
15

16
17

SUBROUTINE COMINV (A,N,D)

SURBRDUTINE COMINV (A,N,D)

COMPLEX A(NsN)sD»BIGA,HOLD

DIMENSION L(8), M(8)
D=(1,E050.F0)

DO 18 K=1,N

L(K)=K

M{K)=K

BIGA=A(K,K)

DO 2 J=KyN

DD 2 T=KyN

IF (CABS(BIGA)-CABS(A(I,J))}) 1,252

BIGA=A(T, )

L(K)s]I

M{K)=)

CONTINUE

J=L(K)

TF (J-K) 59553

DO & I=1.N
HOLD==A(K, 1)
AlKsI)=A(Js1)
A(J,T)Y=sHOLD

T=M(K)

IF (I-K) B8,8,6

DO 7 J=1,N
HOLD==A(JsK)
A(JrK)sA(JrT1)
AlJ,T)=HOLD

IF (CABS(RIGA)})} 10,9510
D=(0.E0y0.,F0)
RETURN

D0 12 I=1,N

IF (I-K) 11,112,511
A(T,K)=A{TI,X)/(~-BIGA)
CONTINUE

DO 15 I=1,N
HOLD=A(I,K)

DO 15 J=1,N

IF (T-K) 13,15,13
IF (J=-K) 14,15,1¢
A(T,J))=HOLD*A(K,J)+A(],))
CONTINUE

DO 17 J=1,N

IF (J=-K) 16517516
A(KyJ)=A(KyJ)/BIGA
CONTINUE

el el el el el ol ol el ol el ol ol ol el ol ol ol el ol el ol ol ol el el ol ol el ool dl ol ol ¥ ol il il
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D=D*BIGA
A(KsK)=1,FED/BIGA
CONTINUE

K=N

Ks(K=-1)

IF (K) 26526520
I=L(K)

TF (I-K) 23,23,21
00 22 J=1,N
HOLD=A(J»K)
A(JsK)==A(Jy1)
A(JyT)=HOLD
JaM(K)

IF (J=-K) 19,19524
DO 25 Tal,N
HOLD=A(K, I)
A(KsT)==A(Js 1)
A(Jds IV =HOLN

GO TO 19

RETURN

END

SUBROUTINE COMINYV

(AsN,D)

ol el ol o ol nl ol ol ol el sl ol el el ol el el
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SUBPOUTINE GRVEL (ALAM,W2,W3,W4rW6sWBy TATALEPGR,SM)

SUBRNUTINE GRVEL (ALAM;W2, W3 WasWHsWBITATASEPGRySM)

REAL MACHsMU»MUP,MUPP,ND

COMPLEY 71(101)522(101)5Z3(101),5,24(101)+Z5(101),26(101)527(101),28
1(101)

COMPLEX W2(101),W3(101)y,W4(101),W6(101),W8(101}

COMPLEX 61(101),G2(101)

COMPLEX GZ15G225G235GZ4,GI5sG165G27sG2I8sGW2rGW3sGWa»GWEsGWS
COMPLEYX VIG1,VIG2sVIG1Os VIG20s TATA»VIHX, VIHZ

COMPLEX XIsKXpKXXsKZyKZZ25A1115415,A1025A10

COMPLEX A12,G,ALAM,OMEGA

COMMAN /BBB/ KXsKXXsKZsKZIZsOMEGA»XIsP»Q,GAMMA,QB

CNMMON /BR1/ XChCHLI»UFS»RyMACHS,ETA»PRA» NDyNSyN

COMMON /CCC/ Y(101),U(101)»UP(101),UPP(101),W(101)sWP(101),WPP(101
1),7(101},TP(101),TPP(101)»MU(101)»MUP(LO1)»MUPP({101)sALFA(201),ALF
2AP(101),PR(101)

COMMON /FFF/ 215225235749155165717518

D01 Js=1,N

I=J

A111=KX¥(I)+KZ*W (I }-OMEGA
A152=KXX=KZZ+Q¥MUP(TI)I*TP(I )/ (MU(T)*T(1))+Q*TPP(I)/T(I)-XT*R%*A111 /¢
IMUCT)I*T(T))

AG=MUP(I) /MULI}+TP{I}/T(I)

A102=KX*UP(T)+KZ*WP(I)

A10=A9%A111+A102

A121=Q/TCI)+ALFA(TI)/7MUCI)

A12=A121%A102+Q*MUP(T)I*ALIL/ (MUCT)*T(I))

A13=2 *MUP(T ) /MU(T)+Q*TP(I)/T(I)

AR=PR{TI)*(GAMMA-]1,)*MACH*MACH

G=P/MU(T)+XT*0*QB*A111
GZ1=s(XT*R*U(II/(T(I)*MU(T))+2.%KX)*Z1(J)
GZ3==XT*(MUP({I)/MUCII+P*¥TP(TI)/T(I))%*23( )
GZa4s(XT*R/MU(TI)-P*QB* (2, *KX*U(T)+KZ*W(I)-0OMEGA))*Z4(J)

GZ5=Px (2, %KX ¥U(I)+KZ*¥W(I)~-NMEGA)}*¥Z5(J)/TH{I)
GW2=(GI1+4G73+GZ4+GZ5)*W2(J)

G71==-XT1%71(J)

GZ4=~XT*QR*U(T)*Z4(J)

GZS=XI*U(II*Z5(J)/T(1)

GW3={GZ1+G24+GZI5)*W3(J)
GZ1l==XT*(1,-XT*KX*QB*Q*U(TI)/G)*A13%7Z1(J)/G
E72=XT*(XT*KX*CR*Q*U(I)/G~1.)%*Z22(J)/G

GZ3s (=2 *KX=XT*R*U(I)/ (MULT)*T(I))-XTI*Q*QB*U(I)*A15/G1*23(J)V/G
GZox~XI¥Q*xQR*¥{AQKU(TI+UP(T)-XT*Q*QB*U(T ) *A10/G)*24(J)/G
GZ5=(YT*(AL121*UP(T}+Q*MUP(TI)I*U(TI)/(MUCTI*T{TI)))/G+Q*QB*U(T)*A12/(G6
1%G))*25(4)

ZTZEXZXZXZXTITIZTZTXTIZIXZTIZZTIZIZTZXZIZIXIZIZTXZZTTZIZTIZIZZTIZIZTZTZIZIZIZIZZIRZRZIZIZTX
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SURROUTINE GRVEL (ALAMsW2,W3,We,Wb6sWBy TATA,EPGRySM)

GT6H30*U(T)*(XT+G¥QGRYALLIL/G)*Z6(J)/(G*T(T))
GZ7=~A13%K7*Q*QB*U(I)I*Z7(J)/(G*G)
GIBx=KZ*Q*OR*U(T)*28(J)/{G*G)
GW4=(GZ1+G22+GZ3+GZ4+GI5+GL6+GLT7+GI8)*W4(J)
GZ3s=2 . %XT*AB*UP(I}*Z3(J)
Gl4=z~XT*R*ARXU(I)I*Z4(J)/MU(I)
GZS5a(XT*R¥PR(I)*U(I)/(MUCI)*T(I))}+2,%KX)*25(J)
GW6=(GZ23+G74+GZ5)*%W6(J)
GZ4=~-PRK7*NR*U(1)*74(J)
G75=P*KZxU(T)*Z5(J)/T(])
GZ7a{XT*R*U(T)/(MULII*T{TI))+2.%KX)*271J)
GWB=(GZ24+G75+GZT)*W8(J)
Gl(J)=GW2+GHI+CW4L+GWHEHGWS

GZle (XT*R*W(I)/(MUCII*T(I))+2.%KZ)*21(J)
GZ4xz—PHQRAKXRW(I ) *74 ()
GIS=PAKX*W (T *Z5(J)/T(T)
GW2a(GZ1+GZ4+GZ51*%W2(J)

GZ4=~XT*0R*W(I)*74(J)

GZS5aXT*W(T)*25(J)/T(I)

GI7a-X1I*27(J)

GW3x(GZ4+GI5+GZ7)1*W3(J)
GZ1l=-Q*QB*W(I)*KX*kA13%7Z1(J)/(G*G)
G22=~Q%QB*KX*W(I)*Z2(J)/(G*G)
CI3x(=2,*¥K7-XT*R*W(I)/(MU{T}*T(I))=-XI*Q*QB*W(I)*A15/G)*73(J)/G
C24a=-XT*Q*0B* (AG*¥W(I)+WP(T)-XI*Q*xQB*W(I)*A10/G)*241J)/G
GIS5a(XT*(AL214WP{I)+Q*MUP(I)*W{I)/(MUCT)I*T(I)))/G+0¥QB*XW{II*A12/(6
1¥G))*25(J)
GZ6=Q¥W(I)*(XI+0*QB*ALLIL/GI*Z6(J)/(G*T(I))
GZ7=-A13*(K7*Q*QB*W(I)/(G*G)+XI/G)*27(J)
GCIB=—-(KZ*Q*0OB*W(I)/G+XIV*ZB(J)/G
GWa={GZ1+GZ2+4GZ3+GZ4+GI5+4GL6+GLT7+GIB)*W4(J)
GZ3x=2 . *#XT*AB*WP(T1)*23(J)
GZam-XT*R*¥ABXW(I)*Z24(J)/MU(])
GZS=(XT¥R*PR(I)*W(I)/(MU(I)I*T(I))+2.%KZ)*Z5(J)
GW6=(GZ3+GZ4+GZ5)*W6(J)
GZ3=-XT+*{MUP(T)/MUCL)+P*TP(I)/T(I))*23(J)

GZ4m (XT*R/MULI)~P*QB*(KZ*W(I)+A111))*Z4(J)
CZ5=P*(KZ*W(T)+A121)*Z25(J)/T(I)
GZT7=(XT*R*WII)/(MULI)I*T(I))+2,%KZ)*27(J)
GW83(GZ3+G74+GZ5+GZ7)*W8(J)

G2(J) =GW2+GH3+GW4+GWH+GWS

CONTINUE

CALL SONG (MyGl,Y,sVIG1)
CALL SONG (N,G2,Y,VIG2)

333333333333332333_“33313323333333333133333331
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SUSROUTINE GRVEL (ALAM,W2,W3,W4rW6sWBy TATA,EPGR, SM)

Alll=KX+NN*KZ-OMEGA

Al5==KXX-KZ7-XI*R*A1lll

Al121=Q+ALFA(]1)

AR=PR(1)*(GAMMA=1.) ¥*MACH*MACH

G=R+XT*Q*0OR%A111

GW2e( (XTRR 42 *kKX)¥Z1(1)+(XT*R=-P*QB* (2, ¥KX+ND*KZ~0OMEGA) ) *Z4 (1) +P% (2
1. *¥KX+ND*KZ~-NMEGA ) *Z5(1))*W2(1)
GW3=XT*(=71(1)=-QB*Z24(1)+Z5(1))*W3(1)

CWa (XTI (XT*KX*QR*¥Q/G=1,)%22(1)/G+ (=2 ¥KX=-XI*R-XT*Q*%QR%xA15/G)*723(1
1}/G+0* (XT+0%¥QB*A111/G)*Z6(1)/G-KZ*Q*QR*78(1)/{G*G))Y*W4 (1)
CWOE=(-XT#R¥AB*Z64 (1) +(XI*R*¥PR(1)+2,*KX)*Z5({1))*W6(1)
GWBa(-PkKZ*®QB*24 (1) +P*KZ*Z5(1)+(XT*R+2,*¥KX)*77(1))*W8(1)
VIGIN2=(GW2+GWI+GWL+GWO+GWB)Y/ (2. ¥ALAM)

GW2e( (XTI*REND+2 *¥KZ)*¥Z1(1)~P*QBAND®RKX*Z24 (1) +P*KX*kND.Z5(1)})*W2(1)
GW3=(=-XT*QR*ND*¥74 (1) +XI®ND*Z5(1)-XI*Z27(1))*W3(1)
CWae=(=KX®Q%QB*ND*Z22(1)/(G*G)+ (=2, *KZ-XI*¥R&ND=X]I*Q*QBR*ND*A15/G)*73(
11)/G+QAND*(XI+Q0*QB*A111/G)*Z6(1)/G~(KZ*Q*xQB2ND/G+XT)*78(1)/G) %W (]
2)

GUOEE{ = XT*RXkABXND*¥Z4 (1) +{ XTI *R*¥PR{1)*ND+2+*KZ)*Z5(1))*W6(1)

OCWB=( (XT*R-PkKZ7*QBEND-P*QB*A111) %74 (1)+P*(KZ*ND+A111)*Z5(1)+(XTI*R*
IND+2,¥KZ)*77{(1))*WB8(1)

VIG20==(GW2+GWI+GWL+GWO+GWB) / (2, %ALAM)

VIGl=VIG1+VIG1O

VIG2=VIG2+VIG20

TATA=VIG2/VIG]

SM=TATA

EPGR=ATAN(SM)*57,29577

WRPITE (652)

WRITE (653) VIG1,VIG2, TATASEPGR

RETURN

FOPMAT (1H 5/52Xs43HINFORMATIONS FROM GRVEL VIG1»VIG2, TATA,EPGR/)
FOPMAT (14 ,5X,1C(D11.4,1X)},F5.2/7/)
END
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APPENDIX I

THE MEAN FLOW

The meanflow solution is an input to HADY-I. The boundary layer solution

is calculated using as input the airfoil geometry, pressure coefficient dis-

tribution, and suction requirements.

The boundary Tayer program used here was adapted from the program of

Kaups and Cebeci4 for laminar, compressible boundary layers with adiabatic

wall and wall suction boundary conditions. Extensive modifications and

additions was necessary to this program4, to suit the need of HADY-I stability

program.

A.

68

Input/Output Files

The program card is
PROGRAM MFLOW (INPUT, OUTPUT, TAPES = INPUT, TAPE6 = OUTPUT, TAPEQ,
TAPE10, TAPE11)

TRPE9 A file for internal use

TAPE10 An output file that contains boundary layer profiles, used
for parallel stability calculations

TAPETT An output file that is used with TAPETC for nonparallel
stability calculations

Control Cards
The following control cards can be used to execute the program

JOBS, Tt, CM,

USER, USERVO, PASSWRD.
CHARGE,, CHARNO, LRC.

GET, MFLOW.

ATTACH (FTNMLIB/UN = LIBRARY)

NOEXIT.

LDSET (LIB = FINMLIB, PRESET = ZERO)
MFLOW.

REP LACE, TAPE10 = TAPEN.

EXIT.

7/8/9 end of record
Input Cards
6/7/8/9



c.

Program Input

The input is through data cards

Card 1
TITLE
card 2
IPRINT

IPANPA

MK

NK

NM
RCR

RCU
Card 3
NI

NZT

ETAE
DETAT
VGP
Card 4

SWLE
SWTE

8A10

Description of the case

411, 31, 2X, 2F15.1

Define type of output printed

1 Long print
2 Short print

Define type of analysis desired
= 1 Parallel flow
= 2 Nonparallel flow

Number of input stations before minimum x/c (not including
the minimum)

Mumber of input stations before x/¢ = .001 (not including
x/c = .001)

Number of output stations starting from x/c= ,001 (NM = 118)

Streamwise chord Reynolds number where input is given
(tunnel conditions and suction distribution)

Streamwise chord Reynolds number where solution is needed
213, 3F10.0
Number of input stations for the streamwise airfoil

Number of input stations where suction coefficient Cq is
specified

Estimated value of maximum n at the first station
First an - step size

Variable grid parameter

8F10.0

Chord length in feet for the streamwise airfoil
Leading-edge sweep in degrees

Trailing-edge sweep in degrees

69
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CMACH
UREF
TPRES
TT
PR
Card 5
XLE
YLE
Card 6

Freestream Mach number

Freestream velocity in ft/sec (only if M_ = 0)
Freestream static pressure, in 1b/ft2
Freestream static temperature, in degrees Rankin
Prandtl number

2F15.10

x/c of the Teading edge

y/c of the leading edge

4F15.10

Total of NI cards, one per station. These cards contain informations
of the normal to the leading edge airfoil, (airfoil data output from
Garabedian program is used directly).

XA
YA
CM
Ccp2
card 7
BLP

xfc value

y/c value

Tocal Mach number

Input Cp values (two-dimensional)
8F10.0

Input suction coefficient values, defined as CS = (pV)O/(pU)m
Total of NZT points

The Program MFLOW
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PROGRAM MFLOW(INPUT,OUTPUT, TAPES=INPUT, TAPE6=OUTPUT, TAPEG, TAPELO,T

PROGRAM MFLOW(INPUT,OUTPUT, TAPES=INPUT»TAPEG=QUTPUTyTAPEG, TAPELO, T
1APE11)

CIMMON /BLCO/ NITsNZyNPyITyX,ROFS,CMACH,TT>ETA(L51)»DETA(L51)9A(15
11),Y(151)sIPANPA

COMMON /BLC1/ HE»PR,CMUFS,UFS,CEL(151)sBETALI(151)5UE(151),WE(L151),
1Z(151),PE(151),PHI(151),RHOE(151),XC{151),CMUE(151)5P1(151),P3(151
2)yP4(151),RR(151),BLP(151),DDW(151)

COMMON /PROF/ DELV(151)sF(10152)5U(101,2)5V(10152)5G(10152)5W (101,
12)5T(10152)5B(10152)9C(151)»BG(10152)5%(1015,2),DENR(10152), CAL(101
252)5CA2(101,2)

COMMON /PAR/ Aly A2y A3pVGPsNNN,IPRINT

COMMON /BAB/ H

CALL INTIAL

NZ=1

ISOLV2s0

ITMAX=20

IGROW=0

[T=0

IT=1T+1

IF (ITLLE.ITMAX) GO TO ¢
WRITE (6510)

GO T0 9

IF (ISOLV2.EQ.1) CALL FLUID
IF (H.,LT.0.0) GO TO 9

CALL COEF

CALL SOLve

IF (ABS(DELV(1))«LE.0,0001) GO TO 5
IF (ISOLV2.EQ.1) CALL SOLV2
GO 10 3

IfF (ISOLV2.EQ.0) GO TO 6
CALL SOLv2

G0 Y0 7

IF (CMACH+EQ.0.0) GO TO 7
ISOLvV2=]

G0 10 2

IF (ABS(T(NP,2)).LE.1.E=~8) GO TO 8
IF (NP.EQ.101) GO TO 8
IGROW=IGROW+1

IF (IGROW.GT,.1) GO TO 8
Li=1

CALL PROFIL (LL)

GD TO 2

CALL OUTPUT

IF (NZJ.LEWNZT) GO TO 1

PP PRI PP

ODJO WU W N
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PROGRAM MFLOW(INPUT, QUTPUT, TAPES=INPUT, TAPEGL=OQUTPUT, TAPEQ, TAPELOD, T

CONTINUE

IF (IPANPA.EQ.1) STOP
CALL XZDER

sToP

FORMAT (1HO»23HITERATIONS EXCEED ITMAX)
END

> P> P>
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SUBROUTINE INTIAL

SUBROUTINE INTIAL

COMMOM /BLCO/ NZT,NZsNPsITsXsROFS, CMACHy TT, ETA(151)sDETALL51)5A(15
11),Y(151),IPANPA

COMMON /BLCL1/ HEsPR,CMUFS»UFS»CEL(151)yBETAL(151)5UE(151),WE(151)s
1Z2(151),PE(151)sPHI(151),RHOE(151)» XC(151)»CMUE(L151),P1(151)5P3(151
2)sP4(151)4RR(151),BLP(151)»0DW(151)

COMMON /PROF/ DELV(151),F(101»2)5U(10152)5V(10152)5G(10152)sW (101,
12),7T(101,2),8(101,2),C(151),86(101,2),E(101,2)» DENR(101,2)»CA1(101
292)5CA2(101s2)

COMMON 7PAR/ AlsA2,A3,VGPsNNN,IPRINT

DIMENSION DUE(151)s DWE(151)s DPR(151)» TITLE(SB)

DIMENSION XA(151), YA(151), CM(151), CP2(151), CP3(151)

DIMENSION DUM1(151), DUM2(151)

DIMENSION SARA(151,3)» SARB(151), SARBN(151), SARAD(15153), WK(200
10), YO(3)

READ (5,35) TITLE
READ (5»543) IPRINT,IPANPASMK,NKsNMsRCRsRCU
READ (5,36) NIJNZTSETAESDETAl,VGP
READ (5537) XsSWLEsSWTE,CMACHsUREF, TPRES,TT,» PR
READ (5,34) XLE,YLE
READ (5,34) (XA(IY,YA(I),CM{TI)»CP2(I)yI=1,NT)
READ (5537) [BLPUI)sI=1yNZT)
SARBN(1)=0,0010
DO 1 I=2,10
1 SARBN({I)=SARBN(I-1)+,0010
D0 2 I=11,28
2 SARBN(I)=SARBN(I~1)+.005
DO 3 I=229,NM
3 SARBN(I)=SARBN(I-~1)+,01
MK1=MK+1
DO & I=MK1,NI
MaI-MK1+1
SARA(M,1)=YA(I)
SARA(M,2)=CP2(1)
4 SARB(M)=XA(I)
MKK=MK=~2
DO 5 I=MKKsN2ZT
Mal-MKK+1
5 SARA(My3)=BLP(])
IWa=-1
NaNI-MK1+1
DO 7 I=1,NM
X0=SARBN (1)
CALL TIUNTI (151sNysSARBy3,SARA»2y X0y YOs IW, IERR)

ODEF T TP IITEIRECTRETRDOIDDOIIOEDRODIOEOODIORDEIOERR DO

s
W OO YOO PN =
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10

11

12

13

IF (IERR.EQ.0) GO TO 6

WRITE (6533) IERR
sTae
SARAO(I»1)=YO(1)
SARAO(I»2)=Y0(2)
SARAO(I,3)=YN(3)
CONTINUE

NK1=NK+1

DO 8 I=1,NM
MaNK1+I-1
XA(M)=SARBN(I)
YA(M)=SARAO(I,1)
CP2(M)=SARAQ(I,2)
DO 9 I=1,NM
M=MK1+1I-1
BLP({M)=SARAD(I,3)
NI sNM+NK

NZT=NI-3
PI=a4 . *ATAN(1,)
CD=COS(PI*SWLE/180.)
DO 10 I=1,NI
XA(I)sXA(IV=-XLE
YA(T)={YA{I)-YLE)*CD
CP3({I)aCP2{T1)*CD*CD
DO 11 I=1,NI
ACI)=XA(I)
Y(I)=YA(T)

D3 12 I=1,eNZT
XC(I)=XA(I+3)
P4(I)=CP3(I+3)
SQRCR=SQRT(RCR)
SQRCU=SQRT(RCU)
DO 13 I=1,NZT

BLP(I)=BLP(T)%*SQRCR/SQRCU

TPRES=TPRES*RCU/RCR

WRITE (6539) TITLE

SUBROUTINE INTIAL

WRITE (65641) (I,A(T)sY(I)sI=1,NI)

XINPUT=X
CMSQ=CMACH**2
ROFS=TPRES/ (1716.%TT)

UFS=sCMACH*SQRT(1.4*1716,%TT)
IF (CMACH.EQ.0.0) UFSsURFF
CMUFS=2.27E-0B%TT*%1,5/(TT+198,6)

PO DT TP PFPOODPOTOIEIP TR ORDOOCRETIRETOOOORRITIDPOE DD
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14
15
16

17

18

19

SUBROUTINE INTIAL

TTT=TT*(1,0+40. 2%CMSQ)
HE=TTT*6006.0

REYsUFS*ROF S*XINPUT/CMUFS
Al=1.+VGP

A2=A1+VGP*%2

A3sA2+VGP*%3

DEL=ACOS(1.0-A(1))

ETA(1)sDEL

IF (A(1).GT.A(2)) ETA(1)==DEL
D0 16 I=2,NI
P4ANG=ACOS(1.0-A(T))

IF (A(I).LT.A(I-1)) GO TO 14
ETA{I)=PHANG

GO TO 15

ETA(I)==PHANG

IF (A(I).EQ.0.0) ETA(I)=0.0
CONTINUE

CALL SPLINE (Y,ETAsNI,DELV)
TLE=TAN(0.,0174533*SWLE)
TTE=TAN(0,0174533*SWTE)
CB=TLE-TTE
XsX*¥SQRT (1, 0+TLE**2) /(B

DO 17 Is=1,NI

SFsSIN(ETA(I))
TCS=TLE~CB*A(I)
FFal,04¢(CBXY(I))**2+4TCS*TCS
DF=2,0%CB*(~TCS*SF+CB*Y(I)*DELV(I))
XFs(CB¥SF+TCS*DF/FF/2.0) %%2
YF=0,25%(DF/FF ) *%2
IF=(CB*(DELV(I)})=Y(I)*DF/FF/2,0))%*2
DETA(I)=SQRT((XF+YF+ZF)/FF)
CONTINUE

CALL INTEG (ETASDETA,C,NI)

DO 23 I=1,NIT
IF. (CMACH.EQ.0.0) GO TO 18
DPR(I}=s1.0+40.,7%P4(I)*CMSQ

PE(I)=1,0+(1.,0-DPR{I) *%0,285714)/(0.2%CM50Q)

GO0 10 19

PE(T)=1,0-P4 (1)
DPR(I)=1+0+UREF*UREF*P4{I)/TT/3432.0
IF (I.GT.1) GO 7O 20
DEL=ACOS (1, 0-XC(IM)

P3(1)=DEL

PP PP T ORI IO ITOIEDOD IO IOOPPRDIE®@OEPDEPTEDPD®O@ETD
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20

21

22

[ 2% &

23

24

SUBROUTINE INTTIAL

IfF (XC(1).GT.XC(2)) P3(1)=-DEL
Gd TO 23

PHANG=ACOS(1.0-XC(I))

IF (XC(I).LT.XC(I-1}) GO TO 21
P3(I)=PHANG

GO TO 22

P3(1)==PHANG

TE (Yt TY EQA_N_NY D2ALTY=N_N
iT ARUVLT e WeVe U T JVLISVeV

CONTINUE

CALL CUBIC (CsETASNI,P3,NZT»2)
DUE(1)=SQRT(PE (1))

DWE(1)=0,0

NUM=1

DZ1=2Z(1)

2(1)=0,0

CR=CB*CB/(1.0+TLE*%*2)
CC=2,0*%TLE/CB

RR(1)=0.,0

DO 24 I=2yNZT

Z(1)=Z2(1)-DZ1

DZ=Z(I)=-2(I-1)

RR{T[)3RR({I-1)+DZ*X
Gl=~DWE(I-1)%DZ
P1(1)=Z2(1-1)+0.5%D7

CALL CUBIC (PE»ZsNZT»P1l,NUM,UE)
G2TRMa=(DUE({I~-1)+G1/2,0)%*%24+UE(1)
IF (GZTRM.LT.OQO) GZTRM-OQO
G2==-SQRT(G2TRM)*D7?
G3TRM=—(DUE(I-11+G27/2.0)**2+UE(1)
IF (G3TRM.LT.,0.,0) G3TRM=0,0
G3=-SQRT(G3TRM)*DZ
G4TRM=PE(I)=(DUE(I-1)+G3)*%2

IF (G4TRM,LT.0.0) G4TRM=0,.0
G4=—-SQRT(G4TRM)*D?
DUE(I)=DUE(I-1)+(G1l+2,0%G2+2,0%G3+G4)/6.,0
ALA=PE(I)-DUE (I )%¥%2

IF (ALAJLT«0.0) ALA=0,0

DWE (I )=SQRT (ALA)

CONTINUE

CALL SPLINE (DWEsZ»NZTsDDW)
DDOW(1)=2=-2,0%(DUE(2)=~DUF(1))/72(2)/Z(2)

DO 25 I=1,NZT
DUML{TI)=DUE (I)*UFS
DUM2(I)=DWE(I)*UFS

DD EPPDOPITOPPDPROETEITTOPIERIRITODTOIRT OO PRDODOPDPIPREDPD
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25

26

27

28

29
30

31

32

SUBROUTINF INTIAL

CONTINUE

WRITE (6540) CMACHy UFSs TPRESy TTo PRy, ROFSHCMUFSHIREYs XINPUTy Xy SWLE»SW
1TEsNIsNZT,ETAE,DETAL,VGP

WRITE (6542) (IsXC(I)»Z(I)sRRIT)sP4L(T)sBLPIT)SNUE(T)H»DWE(T)»DDW(I)
1sDPR(IVsI=1,NZT)

UFS2= UF Sk%x2

DO 28 J4=1,NZT

UE(J)sUFS*DUE(J)

WE(J)=UFS*DWE(J)

BETA1(J)=DWE(J)/DUE(J)

PE(J)=DPR{J)*TPRES

IF (CMACH.EQ.0.0) GO TO 26
TEsTT*(1.0-042%CMSQ*(DUE(J)**2+DWE(J) ¥%*2=-1,0))
S=(~DWE(J)*(DDW(J)=DUE(J)I*R(UFS2/ (1716 *TE) ) *(1,0+€198,.6=TE)/ (T7,0%
1(198,.,6+4TE)) ))

RHOE(J)=PE(J)/(1716.*TE)

GO TO 27

TE=TT

$=20,0

RHOE(J)=ROFS

CAUE(J)=2,27E=08%(TE**]1.5/(TE+198.6))

PL{J)=DDW(J)/DUE(J)

P4(J)=BETAL(J) *%x2

P3(J)=20,5%{2.,0%DDW(J)/DUE(J)+P4(J)+S*BETAL(J))
BLP(J)=SQART(UE(JI)*RHOE(J)*X/CMUE(J))*BLP(J)*UFS*ROFS/RHOE(JI)/UE(J)
IF (J.EQ.1) GO TO 28

BETA1B8=0,5%(BETAL(J)+BETAL(J-1))

CEL(J)=BETA1B/(Z(J)-Z(J-1))

CONTINUE

CEL(1)=0.0

DETA{1)=DETAL

ETA(1)=0.0

IF ((V6P-1.0).LE.0.,001) GO TO 29
NP=ALDG((ETAE/DETA(1))*(VGP=1.,0)+1.0)/AL0G(VGP)+1,001
GO TO 30

NP=ETAE/DETA(1)+1,001

IF (NP,LE.101) GO 70O 31

WRITE (6,38)

NP=101

DO 32 J=2,101
DETA(J)=DETA(J~1)%VGP
ETA(J)sETA(J-1)+DETA(J=-1)
A{J)=0,5%DETA(J-1)

LL=0

PP ITEPPIPPIOIPEEEIETPIID PO TTITETOEITIPTPEIROCODIRTOIRED IO D
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33
34
35
36
37
38
39

41

42

43

SUBROUTINE INTIAL

CALL PROFIL (LL)
RETURN

FORMAT (1H1s10X»11HIERR NE O 5X,1I5)
FORMAT (4F15.10)
FORMAT (B8A10)
FORMAT (213,3F10.0)
FORMAT (8F10.0)
FORMAT (1HO, 36HNP EXCEEDED DIMENSIONS -- SET TD 101)
FORMAT (1H1,8A10)
FORMAT (1HOs THMACHN =,El4.65 3Xy THUFS 2y Fl4e6y3Xy THPFS 29E1446,
13X,y THTFS 2y El4.653Xy THPR =9E14.6/1H0y7THROFS =,F14.6,3Xy THMUF
25 =5El4.653Xs THREC 29E1446/1H0, THCHORD =,F14.653X,7HRADIUS=,El4

34693Xy THLESW 39E1l4e693Xy THTESW =, E1l4.6/1H0, 7HNIT =9y13,14Xp7HNZ
4 2913,14Xs THETAE =5E144693Xs THDETAL =,E14.653Xs 7THVGP 55E1l4.6
51)

FORMAT (//1HO»4X»30HSTREAMWISE AIRFOIL CNORDINATES/1HO,3H NI, 8X,3H
1X/Cs16Xs3HZ/C/(1H 51353X5E144695XEL14.6))

FORMAT (1HO 58X, 12HSTATION DATA/1HO»1X»2HNZ»5Xs3HX/Cr»10X»SHTHETA1
11Xe 1HS»13Xs 2HCP s 11X»3HCQAL, 10Xy SHUEUFS»9Xy SHWEUFS,9Xy 6HDWEUF S, 8Xy5H
2PEPFS/(1H »13,9E14,.6))

FORMAT (4I1,13,2X%Xs2F15.1)

END

DT ORI IR PoODEED
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SUBROUTINE PRAFIL (L)

SUBROUTINE PROFIL (L)

COMMON /BLCO/ NZTyNZsNPsITs XsROFS,CMACHy TT, ETA(151),DETA(151), A(15
11)5,Y(151)s IPANPA

COMMDON /BLCYl/ HEsPRsCMUFS,UFS,CEL(151)+BETALI(151),UE(151)»WE(151))
12(151)»PE(151)sPHI{151)»RHOE{151)5XC(151)yCMUE(151)5P1(151),P3(151
2)sP4(151)5RR{151),8BLP(151),DDW(151)

COMMON /PROF/ DELV(151)sF(10152)5U(10152)5V(101,2)56(1015»2)5W {101,y
12)»7(101,2)58(10152)»C(151),BG(101,2),F(101,2)yDENR(101,2),CAL1(101

6L

N O

2s2)sCA2(101,2)
IF (L.EQ.1) GD TO 2

E(1,2)=0,0
BG(1s2)=1.0
BG1=4,0%(BG(1,2)~1,0)
BG2=4.,0%(1,0-BG(1,2))
DO 1 Js1l,sNP
ETAB=ETA(J)/ETA(NP)
F(Js2)=0,5*ETAB*ETA ()
U(Js2)sETAB
V(Js2)31.0/ETA(NP)
G(Js2)=F(Jy2)
W(Js2)aU(Jds2)
T(Js2)3VIJr2)
DENR(Js2)21,0
B{J,2)=1.0

C(J)=1.0

BG(Js2)=1.0

CINTINUE

RETURN

NP1=NP+1

NP11=NP1-1

NP=NP+3

IF (NP.GT.101) NP=101

KK=1

IF (NZ.EQel) KK=2

DO 4 K=KK,2

DO 3 J=NP1l,NP
DENR(J»K)sDENR(NPL11,K)

C{J)=1,0
FOJsK)SETACJI)+F(NPLL,K)-ETA(NP1L)
UlJsK)=1,0

V(JsK)=V(NP11,K)

GlJpK)SETA(J)I+G (NPL11,K)}-ETA(NP11)
W(J,K)=1,0

OO0 OO OO0

O DN W
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SUBROUTINE PROFIL

TCIsK)aTINPLI1,yK)

B(JsK)=B {NP11lsK)

IF (CMACH.EQ.0.0) GO TO 3
BG(Jy»K)=1,0
E(JsK)=E(NPL11,yK)
CA1(JsK)=CAL1(NP11,K)
CA2(JsK)=CA2(NP11,K)

3 CONTINUE
4 CONTINUE
: RETURN

END

)

OO ONDOO
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SUBROUTINE CUBIC (YLsXLsINsFIsNRyPR)

SUBROUTINE CUBIC (YLsXLs INsFI5NR,PR)
DIMENSION YL(1}s XL{1)s; FI{1), PR(1)
COMMON /BLCO/ NZT,NZsNP,ITsXsPOFSsCMACHs TToETA(151),DETA(L51)5AS(1
15115 YL(151) » IPANPA
D0 8 I=1,NR
D0 2 J=1,IN
TF ((FI(I)=XL(J)).LEL0.0) GD TO 1
61 1O 2
1 K2=J
G0 TO 3
2 CONTINUE
K2=IN
3 IF (I.EQ.1) K1=100
IF (K2,EQ.K1) 60 TO 7
IF (K2.6T42,AND.K2,LT,IN) GO TO 5
IF (K2,EQ.IN) GO TO 4
Le3
Gd TO 6
4 L=IN-1
G0 TN 6
5 L=K2
6 CONTINUE
Am-(XL(L=1)=XL(L=2))®(XL (L) =XL(L=2) )%(XL(L41)=XL{L=2))

YV oef VE 1 YWV ORI - -
B {XLIL=1)=XL{L=2) )% (XL(L)=XL{L=2) )R {XL{L+Y1)=XL(L=-1))

Ca~(XL{L)=XL(L=2) ) e (XL(L)=XL{L=1))*(XL(L+1)=XL(L))
Ds (XL (L#1)=XL(L=2))*%{XL (L+1)=XL(L=1))*(XL{L+1)=XL(L))

7 Als (FI(I)=XL(L)}*(FI(I)=-XL(L+1))
A6= (FI(I)=XL(L=2))*%(FI{I)=XL(L=1))
¢ IF(IHNA,EQ.4) WRITE(O6»15) AsBsCs»DyAlsAb

Cl5 FORMAT(1H »8Xs6(E11.452X))
PROIV=(FI(T)~XL(L=1))*AL*YL(L=2)/A+(FI(I)=XL(L-2))*AL¥YL(L=1)/B+(F
IT(I)=XL{L+1))*A6*YL(L)/C+(FIC(I)=XL(L))I*YL(L+1)*A6/D
Kl=K2

8 CONTINUE
RETURN
END
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SUBROUTINE SPLINE (XsFIsIN, XP)

SUBROUTINE SPLINE (XsFI,INsXP)

DIMENSION X(1)» FI(1)s XP(1)y QJ(131)}, UJ(131)
QJ(1)=-1.0

UJ(1)=2,0%(X(2)=-X(1)}/(FI(2)~FI(1))

DO 3 I=2, 1IN

AJsFI(I)-FI(I-1)

IF (I.EQ.IN) GO TO 1

BJ=FI(I+1)-FI(I)

Cd=AJ/(AJ+B))

DI=3, 0% (CI*¥(X(T+1)=-X(I))/BI+{1.0-CJ}*(X(D)=X(I=-1))/AJ)

GO TO 2

1 DI=2,0%¥(X(I)-X(I-1))/AJ
CJ=0.0

2 PJ=(1,0-CJ)*QJ(I-1)+2.0

IF (T.EQ.IN) PJ=PJ-1.0

QI(I)==CJ/PJ

JI(I)=(DJI=(1.0-CJI*xUI(I-1))/PJ
3 CONTINUE

XP(IN)=UJ(IN)

INM1=IN-1

00 4 I=1,INM]

NR=IN-I

XP{NR)=QJ(NR)*XP(NR+1)+UJ(NR)
4 CONTINUE

RETURN

END
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SUBROUTINE INTEG {(XsY,»TAB,NPT)

SUBROUTINE INTEG (XsYsTAB,NPT)
DIMENSION X{1)s» Y(1), TAB(1)
IF (NPT.LT.4) GO TO 6

DO 5 I=1,NPT

TAB(I)=0.0

KzI=1

IF (I-2) 53,1

IF {I.LT.NPT) GO TO 2

KasK=1

KaK~-1

AsX(1)

BsX{I~-1)

L=K+]

MsK+2

N=zK+3

DO &4 Jsl,4

XLsX(L)

XN=X(N)

XMsX (M)

XKsX(K)

YK=Y (K)
SUMsYK/((EXK=XM ) ¥ (XK=XN)*(XK=-XL))
SUM1s((A*%4)=(B%*%4))/4,0

SUMZ2=s (XL+XM+XN)*((A*%3)~(B**3))/3,0
SUM3= (XMEXN+XMEXL+XL*XN)*(A**2-B*%*2)/2.0

SUM4a ( XMEXN®XL ) *(A=B)
SUM=SUM* (SUM1-SUM24+S5UM3-SUM4)
TAB(I)=TAB(Y)+SUM

ITEMPsK

K=N

‘NaM

M=l

LsITEMP
TAB(TI)=TAB(I)+TAB(I-1)
CONTINUE

RETURN

END
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SUBROUTINE FLUID

SUBROUTINE FLUID

COIMMON /BLCOZ NZTyNZsNPyIT, XsROFS,CMACH, TT,ETA(151)sDETA(151)5A(15
11),Y(151),IPANPA

COMMON /BLC1/ HEsPRyCMUFS,UFS,CEL(L51),BETAL(151)»UR(151),WE(L51),
12(151)sPE(151), PHI(151)sRHOE(151)sXC(151),CMUE(151)»P1(151),P3(151
2)sP4(151),RR(151),BLP(151),DDW(151)

CIMMON /PROF/ DELV(151),F(101,2)yU(10152)»V(101,2)5G(101»2),W(101,
12Y,7(10152)9B(10152)5C(151)5BG(101,2)»E(101,2)»DENR(10152)5,CA1(101
2»2)sCA2(101,2)

COMMON 7B0OX/7 VIS(101),DMUDT(101)

COMMON /BAB/ H

WW=0.0

IF (IT.GT,.,1) GO TO 1

PE35=3,5%PFE(NZ)

UE2H=045%UE (NZ ) *%2

DO 2 J=1,NP

IF (NZ.GT«l) WW=W(Js2)
HeHE*BG(J»2 )~UE2H*(U(Jp2) ¥k 2+P4 (NZ) ¥WW**2)
IF (H.LT.0,0) RETURN

TTT=H/6006.0
CMU=2,27E-08*TTT*%1.5/(TTT+198,6)
VIS{J)=sCMU
SP=1e5/TTT=1/(TTT+198,6)
DMUDT(J)=CMU*SP

DENR(J,2)=RHOE (NZ)*H/PE35
C({JI)=CMU/(CMUE (NZ)*DENR(J,2))
CONTINUE

UE2HE=UE (NZ ) **2/HE

RPR=1,0-1,0/PR

DO 3 J=1,NP

CAL(J,2)=C(J)/PR

CA2(Js2)={C(J)*UE2HE)*RPR* (U(Js2)%V(Js2)+P&(NZ)*W(Jy2)%T(J,2))
B(Jy»2)=2C(J)

CONTINUE

RETURN

END

OO NN OOTONDOONOOO DR
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SUBROUTINE COEF

SUBROUTINE COEF

COMMON /BLCO/ NZTeNZsNPsIT, Xy ROFSyCMACH, TT,ETA{151)sDETA(151),A(15
11), Y{151),IPANPA

COMMON /BLC1/ HEsPR,CMUFS,UFSsCEL(151),BETALI(151)»UE(151)sWE(L15]))
120151)sPE(151), PHI(151)sRHDE(151)»XC(151)sCMUE(151)5P1(151),P3(151
2)sP4(151),RR(151),BLP{151),DDW(151)

COMMON /JPROF/ DELV(151),F(10152)5U(101»2),V(10152)9G(10152)sW (101,
12)yT(10152)sB(10152)5C(151)5BG(101,2)»E(101,2)5DENR(1015»2),CAL1(101
252),CA2(101,2)

COMMON /BLCS8? B1(101)»82(201),B3(101)5B4(101)»B85(101),B6(101),B7(1
101),88(101),B9(101)5B810(101)»R1(101)»R2(101)5R3(101),R&(101)5,R5(10
21)sR6(101)p5S1(101)552(101)»5S3(101)554(101)9S5(101),56(101)557(101)
3,58(101),59(101),510(101)

P1P=P1(NZ}+CEL(NZ)

P3P=sP3(NZ)+CEL(NZ)

P4P=P4&(NZ)-CEL(NZ)

PlT2=2,0*%P1(NZ)

P4T2=2,0%P4 (NZ)

P1P222,0%P1P

DO & J=2,NP

UB=Q 5*(U(Jr2)+U(J=1,2))

VBs0,5%(V(Jy2)+V(J=-1,2))

GB=0.5%(G(J»2)+G(J-152))

WB=0,5%(W(J,2)+W(J=152))

TB20.5%(T(J,2)+4T{J=-152))

DENRB=0.5*%(DENR(Js2)+DENR{J=1»2))

FVB=0 5% (F(Js2 )%V (Jy2)+F(J=1,2)%V(I=-1,2))

FTB=0o5%(F(Jp2)*T(Jp2)+F(J=122)%T(J=1y2))

UNB=20 5¥(UlJ»2) %W (Js2)4U(J=1,2)*%U(J=152))

GVB=0 5% (G(Js2)*V(Jp2)4G(J=1,2)%V(J=-1,2))

GTB=045%(G(Jp2)*T(J»2)+G(J=1,2)*T(J-1,2))

WSB=0o5%(W(Js2)*¥2+W(J=152)%%2)

IF (NZ.6T.1) 60 TO 1

CUB=0,0
CVvB=0.0
CGB=0.,0
CWB=0,0
CTB.OOO
CFTB=0,0
CUwWB=0,0
CGvB=0.0
CGTB=0,0
CWSB=0,0
CDENRB=0,0

I I rFrI I I I IrIIIrI I I I I I I IIXf I IrIrI I I rXIIIXIIIXTIIXITIIITIIITIXI
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SUBROUTINE COEF

- ATTACHMENT-LINE FLOW

DEFINITIONS OF COEFFICIENTS IN DIFFERENCED X-MOM EQ.
SLUJ)=B(JIs2)+A(I)*(=1,5%F(Js 2)+P1INZ)*¥G(J,2)=BLP(NZ))
S2(J)==B(J=152)4A(J)*(=1.5%F(J=152)+PLINZ)I%*G{J~1,2)=BLP(NZ))
S3(J)==1.5*¥A(J)*V(Js2)

S4{J)==1.5%A(J)*V(J=-1,2)

$5(J)=0.0

S6(J)=0.0

ST(J)Y=A(J)*¥PL(NZ)*V(Jy2)

S8{J)=A(J)*PLINZ)*V(J-1,2)

$9(J)=0.0

S10(J)=0.0

DEFINITIONS OF COEFFICIENTS IN DIFFERENCED Z-MOM EQ.
B1(J)=51(N)

B2(J)=52(J)

B3(J)==1,5%A(J)*T(J,2)

Ba(d)=-15%A(3)*T{I=-1,2)
B5(J)==A(J)*(=U(Jr2)+P1T2*W(J52))
BS5(J)=m~A(J)*¥(=U(J=152)+P1T2*U(J=-1,2))
B7(JI)=A(J)*W{J,2)

BI(J)=A(J)*W(J=-1,2)

B(J)=A(J)*PLINZI*T(J,2)

BLOUJ)=A{J)*PL(NZ)*T(J=1y2)

G0 10 2

GENERAL FLOW

CJ3=0,5%(U(Jyl)+UlJ=1,1))
CVB=0.5%(V(Jy1)4VIJ=1,1))
CGB=0,5*(G(J,1)+G(J=1,1))
CWB=0.5%(W(Jdpl)+W(J=~1,1))
CTB=0.5¢%{T{Js1)4T(J=~151))
CFTB=0s5%(F(Js1)*¥T(Js1)+F{J-1s1)%T(I-151))
CFVB=0S5*¥(F(Js1)*¥V(Jsl)+F(J=-1s1)*V{(J=1,1))
CUWB=0 5% (U{Jy1)*¥WlJ,y1)+U(J=1,1)*W(J-1,1))
CoVB=0eS*(G(JIs1)EV(Jr1)+6{J=1,1)%V(J=-1,1))
COTB=0.5*(G(Js1)*T(Js1)+6(J=-1,1)%T(J=1,1))
CUSBaO0S5*{W(Jyl)*%*2+W(J=151)%%2)
CDENRB=045*% (DENR(J»1)+DENR(J=-1s1))

DEFINITIONS OF COEFFICIENTS IN DIFFERENCED X-MOM £Q,
S1(3)=B{Js2)+A(J)*(~1.5%F(Jy2)+4PIP*¥G(J,2)-CELINZ)*CGB-BLP(NZ))
S2(1)==B(J=1,2)+A(J)*(-1.5%F(J-152)+P3IP*G(J-1,2)-CEL(NZ)*CGB-BLP(N
121) :
S3(J)s=1.5*%A(J)*V(J,2)

I rIr»IrIrI I IIIIrfrIrIIIrIriLi I I X IIIIIIXIIIIIITIITIIIIIITIX
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SUBROUTINE CNEF

S4(J)==1.5¥A(J)*V(J~1,2)
S5(J)=A(J)F(P4P*W(J,2)-CEL(NZ)*CWB)
S6{J)=A(J)*(P4P*W(J~1,2)-CEL(NZ)*CWB)
ST(IY=A(3)*x(PIP*V(J,2)+CELINZ)I*CVB)
S8(J)=A(J)*(PIP*V(J=~1+2)+CEL(NZ)*CVB)
SO(I)=A(J)*(P4P*U(Jr2)-P4T2*¥W(J,2)+CELINTI)I*CUB)
S10(J)=A(I)*(P4P*U(J=-1,2)-P4T2%W(J-1,2)+CEL(NZ)*CUB)

DEFINITIONS OF COEFFICIENTS IN DIFFEPENCED Z-~-MOM £Q.
B1(J)=51(J)

B2{J)=S2(J)

B3(J)==1.5%A(J)*T(J,2)
B4(J)a=1.5*%A(J)*T(J=1,2)
B5(J)s=A(J)*(P1P2*W(Js2)=-U(J)»2))
B5(J)==A(J)*(P1IP2*UH(J-152)-U(J=-152))
B7(J)=A(J)*W(J,2)

BE(Y)=A(J)*N(JI=-1s2)
BI(J)=A(J)*(PIP*T(Js2)+CEL(NZ)I*CTB)
BlO(J)=A(J)*(P3P*T(J-1,2)+CEL(NZ)*CTB)

DEFINITION OF RJ

R1(J)=F(J=1s2)=F{Jy2)+DETA(JI=-1)*UB
R2(3)=U(J=1,2)=U(J,2)+DETA(J-1)%VB
R3(J)=G(J=152)-G(Jp2)+DETA(J-1)*WB
Re(J)sW{J=1p2)=W(Js2)+DETA(J=-1)*TB

IF (NZ.GT.1) GD TO 3
RE(J)=s=(BlJr2)*V(Jp2)-BlU=1s2)%V(J=1s2)+DETA(J=1)%(~1,5%FVB+P1(NZ)
1*3VB-BLP (NZ)*VB))
R6(J)s=DETA(I-1)*%DENRB*{=1.04PL(NZ})=(RB{Js2)%T(Js2)=-B(J=152)%T(J-1
1,2)+DETA(J=1)%(=1,5*%FTB+P1(NZ)*GTB+UWB=-PL(NZ)*WSB=-BLP(NZ)*TB))

GN TO 4

DERBY=(B(Js1)%V(J,1)-B(J=-1,1)*V(J-151))/DFTA(J=-1)
CL5BsDERBV=1,5%#CFVB+P3(NZ-1)*CGVB+P4(NZ-1)*(CUWB-CWSB)=-BLP(NZ-1)*C
1ve

CR58==CL5B+CEL (NZ)*(CGVB-CUWB)
R5(J)sDETA(J=1)#CR5B=(B(J,2)%V(J,2)-B(J=1,2)%V(J=1,2)+DETA(J-1)*{~
11, 5%FVB+P3P*GVB+P4P*UWB-P4(NZ)*WSB-CEL(NZ)}* (CWB*UB-CUB*WB-CVB*GB+C
2GB*YB)-BLP(NZ)*VB))

DERBT=(B(Js 1) *T(Js1)=B(J=~1,1)*T(J=1,1))/DETA(JI=-1)
CL6B=DERBT~1.5%CFTB+P3(NZ-1)*CGTB+P1(NZ-1)*(CDFENRB~CWSB)+CUWB~CDEN
1RB=BLP(NZ-1)*CT8

CR6B=-DENRB*(PL1(NZ)=1.0)+CEL (NZ)*(CGTB-CWSB)-CL6B
R6(J)=2DETA{J=1)*CREB=(B(Js2) *¥T(Jy2)-B(J=1,2)1%T(J=152)+DETA(J=1)%(~
11.5%FTB+P3P*XGTB-PLP*WSB+UWB-CEL(NZ)*(CGB*TB-CTB*GB)-BLP(NZ)*TB))
CONTINUE
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SUBROUTINE SOLV6

SUBROUTINE SOLVe6

COMMON /BLZ O/ NZTsNZsNP»ITyX,ROFS,CMACH,TT,ETA(151)9DETA{151)5A(15
11)5,Y(151),IPANPA

COMMON /BLC17 HEsPRyCMUFS,UFS,CEL{151),BETALI(151),UE(151),WE(L51)>
12(151),PE(151),PHI{151),RHOE(151)5 XC(151),CMUE(151)»P1{151),P3(151
2)sP4(151),RR(151)58BLP(151),DDW(151)

COMMON /PROF/ DELV(151),F(10152)5,U(10152),V(10152)56G(10152)5W{101,
12),7(101,2),B(10152)5C(151)58G6(101,2)»E(10152),DENR(1015»2),CA1(101
2»2)5CA2(101,2)

COMMON /8LC8/7 B1(101),B82(101)83(101),B4(101)»B5(101)»,B6(101),B7(1
101),88(101),89(101),B10(101),R1(101),R2(101)»R3(101),R4(101),R5(10
21)5R6{101)»51(101),52(1011,5S3(101),S4(101)555(1011,56(101),S7(101)
3,58(101),59(101),510(101)

DIMENSION A11(101), A21(101)» A31(101), A41(101)s A51(101), A61(10
11)» A12(101), A22(101)» A32(101), A42(101), A52(101), A62(101), Bl
21(101), B21(101), B31(101)s B41(101)» BS1(101), B61(101), B12(101)
3, B22(101), B32(101)s B42(101), B52(101)s B62(101)s DELF(101)» DEL
4U{101), DELT(101)» DELG(10l)s DELW(101)» W1(101)}y, W2(101), W3(101)
5» W&(101), W5(101)s W6(101)

CALCULATION OF GAMMA (AIl,AI2 I=1,6) VECTOR FOR J=2

FIRST AIl

AL1(2)=(S5(2)+SL(2)/A(2)+53(2)%A(2))/(52(2)-51(2))

A21(2)=(B7(2)+B3(2)%A(2))/(B2(2)-B1(2))

A31(2)==A(2)

A41(2)==A11(2)-1./A(2)

A51(2)=0.0

A61(2)=-A21(2)

THEN Al2

AL2(2)=(ST7(2)*A(2)+S9(2)}}/(S2(2)-51(2))

A22(2)=(B5(2)+A(2)%B9(2)+B1(2)/A(2))/(B2(2)-8B1(2))

A32(2)20.,0

AG2(2)s=A12(2)

A52(2)=-A(2)

Ab62(2)==-A22(2)-1.7A(2)

CALCULATION OF WI(I=l,6) AL(VECTOR)*W(VECTOR)=R{VECTOR), AT Js=2
WL(2)=2(R5(2)+(R2(2)%S1(2))/A(2)=5ST7(2)*%R3({2)=-53(2)*R1(2))/(S2(2)-51
1(2))

wWi(2)sR1(2)

Wa(2)s=-W1(2)-R2(2)/A(2)

W5(2)aR3(2)
W2(2)=(R6(2)-B1(2)%R4(2)/7A(2)-B9(2)%R3(2)-B3(2)%R1(2))/7(B2(2)-B1l(2
1))

W6 (2)==W2(2)-R4(2)/A(2)

ot bt el P bl b P et el B e el o g B ol bl bl Dl b Pemd b g fmed g el g g bend fonf bt g b Pod bt ed Bl bt pen] B ef feag bmd et
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CALCULATION OF ALFA COEFFICIENTS BIl,BI2 WITH I=1,6
NOTE-THE SUBSCRIPT FOR THESE COEF. START FROM 11,

DO 1 Js=s3,NP

BL1(J)==A(J)+A31(J~1)

B21(J)==1,0+A(J)*%A41(J-1)

B31(J)=A51(J4-1)

B41(J)=A(J) *A61 (J-1)
B51(J)=S6(J)~S4(J)*¥A31(J=-1)~-52(J)*A41(J-1)=-SB(J)*A51(J=-1)
B61(J)=BB(J)-B4(J)*A31(J=-1)}=-B1O(J)*A51(J~-1)~-B2(I)*A62(J=-1)
Bl2(J)=A32(J-1)

B22(J)=A42(J=1)*A(J)

B32(J)=A52(J-1)-AWJ)

B42(J)=A62(J=1)*%A(J)~-1.0
B52(J)==(S4(J)*A32(J-1)+452(J)1*A62(J=-1)+S8(J)*A52(J-1))+510(J)
B62(J)=B6(J)-B4(J)*A32(J=1)-BlO(J)*AS2(J-1)=-B2(J)*A62(J-1)

CALCULATION OF AI1l,AI2 WITH I=1,6
CCA1=B851(3)=53(J)*B11(II+SL(J)I*B21(J)/A(J)=ST(I)*B31(J)
CB1=B52(J)+S1(J)*B22(J)/A0II=-ST(J)I*B32(J)1=-S3(J)*B12(J)
CCAZ2=B61(J)=-B3 (J)*B11(J)-B9(J)*B3L1(J)+BL{J)*B41(J)/A(J)
CB2=B62(J)=~B3(J)*B12(J)=-B9(J)*B32(J)+BL(J)*B42(3)/A0J)
CC1=S5(J)+S3(J)*A(JI+S2(JI/7ACD)

CC2=B7(J)+B3(J)*A(J)

DEN=sCCA1#%CB2-CB1*CCA2

Al1(J)=(CC1l*CB2-CB1*CC2)/DEN
A21(J)=(CCA1*CC2-CC1*CCA2)/DEN
A31(J)==A(J)=-811(J)*A11(J)~-B12(J)*A21(J)
A41(J)=(-1.04B21(J)*A11(J)+B22(J)*A21(J))/A(J)
A51(J)==B31(J)*A11(J)=-B32(J)*A21(J)
A6L1(J)=(BA1(J)*AL1(J)+B42(J)*A21(J))/ACD)
CCl=ST(J)*A(J)+59(J)

CC2=B5(J)+BO(JI*A(J)I+B1(J)/7ACY)
Al2(J)=(CC1*CB2~-CB1*CC2)/DEN
A22(J)=(CCA1*CC2~-CC1*CCA2)/DEN
A32(J)==B1l1(J)*A12(J)-BLl2(J)*A22(J)
ARZ(J)=(B21(J)*A12(J)+B221J)*A22(J))/A(J)
A52(J)=s-A(J)-B31(J)*A22(J)-B32(J)*A22(J)
A62(J)=(=1.0+B41(J)I*A12(J)+B42(J)*A22(J))/A(J)
D1=R1(J)+W3(J=-1)

D2=R2(J)+ALJ)I*W4(J=-1)

D3=R3(J)+W5(J=-1)

DaxR&(JI+A(II*WOI(I-1)
D5=R5(J)=(S4(3)*W3(J=-1)+4S2(J)*We(J=1)+SB(J)*W5(J~1))
D6aR6(J)=(B4(J)I*W3I(J=1)+B1O0(J)*W5S5(J=1)+B2(J)*W6(J=-1))
CC1=D5=-D1*S3(J)+(S1(J)*D2)/A(J)=ST7(J)*D3

Pt b et bt Pt b g bl e ool Ded bl et b g et fd dead bt Bl b g bed et ] P e g bt e e et P et bt P R el Bt e e Rt
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CC2=D6-D1#B3(J)+(B1(J)*D4)/A(J)-BI(J)*D3
Wl(J)={CC1*CB2-CB1*CC2)/DEN
W2{J)s(CCAL*CC2~-CC1*CCA2)/DEN
W3{J)=D1-B11(J)*W1{J)~B1l2(J)*W2(J)
WalJ)=(=D2+B21(J)*W1(J)+B22(J)*W2(J))/AQJ)
W5(J3)=D3-B31CJ)*W1(J)~-B32(J)*W2(J)

WO (J)=(~D4+B4Y(J)*W1(J)}+B42(J)*W2(J)}/A0Y)
CINTINUE

O

CALCULATION OF PERTURBATION QUANTITIES
DELU{(NP)=0,0

DELW(NP)=0.0

DELF(NP)=W3(NP)

DELV(NP)=W& (NP)

DELG(NP)=W5(NP)

DELY(NP)=W6(NP)

DELU(NP=1)=W1(NP)

DELW(NP=1)=W2(NP)

JsNP

2 JaJ=-1
DELU(J=~1)=W1l{(J)=A11(J)*DELU(J)}=A12(J)*DELW(J)
DELW(J=1)sW2(J)=A21(J)*DELU(J)I-A22(JI*DELW(J)
DELF(J)=W3(J)=A31(J)*DELU(J)=~A32(J)*DELW(J)
DELVIJ)aNa(J)=A41(J)*XDELU(JI)=A42(J)I*DELW()
DELG(J)=W5(J)=A51(JI*DELU(JI)-AS2(J)*DELWIJ)
DELT(J)=W6(J)—~AB6L1(J)*DELU(J)=-A62(I)}*DELW(J)
IF (J.6T«3) GO TO 2
DELF(2)=W3(2)-A31(2)*DELU(2)-A32(2)*DELW(2)
DELV(2)=W4(2)=-A41(2)*DELU(2)~A42(2)*DELW(2)
DELG(2)=W5(2)-A52(2)*DELW(2)~A51(2)*DELU(2)
DELT(2)=W6(2)-A61{2)*DELU(2)-A62(2)*DELW(2)
DELV(1)=W1(2)-A11(2)*DELU(2)-A12(2)*DELW(2)
DELT(1)=W2(2)-A21(2)*DELU(2)~A22(2)*DELW(2)
DELF{(1)=0,0

DELG(1)=0,0

DELU(1)=0.0

DELW(1)=0,0

IF(IT.EQel) WRITE(654)

c WRITE(655) IT>VI(1,2)sDELV(1),T(1,2)sDELT(Y)
DO 3 J=1,NP

FlJs2)=F(Js2)+DELF(J)

UlJds2)sU(Js2)4DELU(J)

V(Js2)aV(Js2)+DELV(J)

GlJs2)=G(Jy2)+DELG(J)

W(Js2)aW(Jds2)+DELW(J)

(@]
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TlJ52)=T(Js2)+4DELT(J)

3 CANTINUE
RE TURN

c

C
END

SUBROUTINE SOLVS
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* TIDY *

SUBROUTINE SOLV2

SUBROUTINE SOLV?2

CIMMON /BLZO7 NZTsNZsNP»IT, Xs ROFS,CMACH, TT,ETA{151)»DETA(151)»A(15
11),Y(151),IPANPA

COMMON /BLC1/ HEsPRyCMUFS,UFS,CEL(151),B8ETAL{152),UE(151)sWE(151)>
1Z(151)sPE(151), PHI(151)»RHOE(151)»XC(151)»CMUE(L151)»P1(151)sP3(151
2)sP4(151),RR(151),BLP(151)5DDW(151)

CIMMON /PROF/ DELV(151)sF(101,2),U(101,2)5V(10152)»G(10152)},W(101,
12),T(1015,2),B(101,2),C(151),8G(10152)5,E(101,2),DENR{101,2),CAL(101
252),CA2(101,2)

DIMENSION S1(101)s S2(101), S3(101), R1(101)s R2(101)s, Y1{101), Y2
1(101)s B11(101)» B12(101)s, A11(1l01), A12(101)

BG(NP,2)=1.0

ALFAO=0.0

ALFAl1=1,.0

GAMMAO=0,0

BETAO=1.0

BTA1=0.0

DO 2 J4=2,NP
FB=05*(F(Js2)+F(J=-152))
GBx0.5%(G(Js2)4G{J=1,2))
WB= 0 5% (W(Js2)+W(J=152))
IF (NZ.GT.1l) 60 7O 1

CFB=0.0

CGB=0,0

CWB=0,0

CEB=0.0

— ATTACHMENT-LINE FLOW
SL1(J)1=CAL(J»2)+A(J)*(-1,5%FB+PL(NZ)*GB-BLP(NZ))
S2(J)==CAL(J=1,2)-CAL{Js2)451 ()
$3(J)=0.0
R1(J)=CA2(J=152)-CA2(Js2)
R2(J)=0.0

GO TO 2

CFB=0.5*(F(Jr1)+F(J=1,1))
CGB=0.5% (G(Js1)+G(J-151))
CWB=0 5% (W(Js1)4W(J=151))
CEB=0,5*%(E(Js1)+E(J=-151))
CBGB=0.5%(BG(J»1)+BG(J~-1,1))

S1{JI=CAL(J,2)+A(J)*(=1,5%FB+P3(NZ)*GB+CELINZ)*(GB=~CGB)I=-BLP(NZ))
S2(JY==CAL(J=1,2)=CAL(U»2)+51(J)
S3(J)==A(J)I*CEL (NZ)*(WB+CWB)
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* TIDY*
SUBROUTINE SOLV?

DERCAY1={CA1(Jr 1)*E(Js1)=CAL(J=1,1)*E(S=151))/DETA(JI=1)

DERCA2= ((CA2(J52)-CA2(J=1,2)) /DETA(J=-1))+((CA2(J,1)-CA2(J-1,1))/DE
1TA(J-1))

CLBE=DERCA1-1,5%CFB*CEB+P3(NZ~1)*CGB*CFEB-BLP(NZ-1)*CEB
RI(J)=DETA(J-1)#(-CLBE+CEL(NZ)*(-CBGB*(WB+CWB)~(GB-CGB)*CEB)-DERCA
12)

R2(J)=0.0

2 CONTINUE
R2(NP)=1,0

R1(1)=GAMMAO
R2(1)=0,0
Bl1(1)=ALFAQ
Bl12(1)s=ALFAl
Y1(1)=R1l(1)
Y2(1)=R2(1)
D3 3 Js=2,NP
A11¢J)=(S2(J)-A(J)*S3(J))/(BLl2(J=1)=-A(J)*B11(J-1))
A12(J)=B1l1(J-1)*A11(J)=-S3(J)

c CALCULATION OF ALFA COEFFICIENTS
B11(J)=S3(J)=A12(J)
B12(J)sS1(J)+A12(J)*A(J)
YI(J)sR1(J)-AL1(J)*YI(J-1)-A22(J)*Y2(J~-1)
Y2(J)=R2(J)

3 CONTINUE
BGINP,2)=R2(NP)
E(NP»2)=(YI(NP)*BETAO~BL1(NP)*Y2(NP))/(B12(NP)*BETAO-BL1(NP)I*BTAL)
JaNP

4 JaJ=1
PAR1=Y2(J)-BG(J+192)+A(J+1)¥E(J+152)
E(Js2)=(Y1(J)+BL1(J)*PARL)/(-A(J+1)*B11(J)+B12(J))
BG(Js2)==A(J+1)*E(J,2)-PAR]
IF (J«.GT.1) GO TO 4
RETURN
END
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* TIDY*

SUBRGQUTINE OUTPUT

SUBRDUTINE OUTPUT

DIMENSION UP(101)s UPP(101), WP(101)s WPP(101), TP(101)s TPP(101),
1 CMUP({101), CMUPP(101), ALFAP(101)

COMMON /BLCO/ NZT»NZsNP,ITsXsROFSsCMACH, TTs ETA(151),DETA{151),A(15
11)5Y(151) ,IPANPA

COMMON /BLC1/ HEsPR,CMUFS,UFS,CEL(151)»BETAL(151)5UE(151),WE(L51)s
1Z(151)5PE(151) s PHI(151)»RHOE (1510, XC(151)sCMUE(151),P1(151),P3(151
2)9P4{151)5RR(151),BLP(151),DDW(151)

COMMON /PROF/ DELV(151)5F(1015,2),U(10152),V(10152)56(101,2)s (101,
12)5T(10152)sB(1015,2)5C(151),B6(10152)5F(10152),DENR(10152),CAL(101
252)5CA2(101,2)

DIMENSION Y1(101)s UL(101)s W1(101), T1(101)s» CMUL(101)» ALFA(101)

DIMENSION A1(101), A2(101)s A3(101), A4(101), A5(101)s A6(101)s A7
1(101)s AB{101), A9(101), A10(101), A11(101), A12(101), A13(101)s A
214(101)s A15(101), Al6(101), RAA(101)

COMMON /PAR/ A111,A21,A31,VGP,NNN, IPRINT

COMMON /BOX/ VIS(101),DMUDT(101)

COMMON /WAW/ RsX05C0sZSTsCHLENTH, THETA) WEEA» SOsNEDGE» TEEA CMUEEA

RXsRHOE(NZ)*UE (NZ)*X/CMUE(NZ)
SQRX=SQRT(RX)

PAR3I=X/SQRX

SUM=0,0

F1=DENR(1,2)

Y(1)=0,0

DO 1 Js2,NP

F2=DENR{Js2)

SUMsSUM+ (F1+F2)*A(J)

Fl=F2

Y(J)=SUM*PAR3

CAONTINUE

DUM1=0.

DUM2=0,

DJM3=0,

RES=0.

DO 2 J=2,NP

DUMl=l,-W(J=-1,2)
DIM2sl=W(J)r2)
RES=RES+(DUMI+DUM2)/2.*%(Y(J)=-Y(J-1))
CONTINUE

DSTZ INC=RES
RDSTZ=RHOE(NZ)*WE(NZ)*DSTZINC /CMUE (NZ)
CID=SUM
DELSTX=PAR3*{(~F(NPs2)+CID)
DELSTZaPAR3*{(=G(NP,2)+CID)

RKREXERREAEKXKERKERKERERERXRARRERERAERRARARRARARRRRRERARERRERAEARREERRRXXRRERXXRXRR

e
N OODINORDWN

Pt et et e
D NN S W

NN =
-0 v

WD NN
SV’ PWN

Wwwwww
O W e

w w
@@~

S W
N~ O 0

Rl A
W W



96

* TIDY *

(%]

SUBROUTINE 0OUTPUTY

SUM=0.0

SUM2=0.0

Fl=U(152)*U(1,2)

Fl1l1=W(1ls2)*W(1,2)

DO 3 J=2,NP

F2aU(J,2)*%U(Js2)

F22=W(Js2)*W(J,2)

SUM=SUM+ (F1+F2)*A(J)
SUM2=SUM2+(F11+F22)%A(J)

Fl=F2

Fll=F22

CONTINUE

THETAX=PAR3*(F (NP, 2)=SUM)
THAETAZ=PARI*¥(G(NP,2)~-SUM2)
CFX%2.,0%C(1)*V(1,2)/5QRX
HX=DELSTX/THETAX

HZ=DELSTZ/THETAZ

IF (CMACH.EQ.0.0) GO TO &
TE=PE(NZ)/RHOE(NZ)/1716.0
TWsTE*DENR(1,2)
RHOW=RHOE(NZ)/DENR(152)

GO 10 5

TE=TT

TWaTT

RHOW=ROFS

VW=BLP(NZ)*SQRT(UE (NZ)*CMUE(NZ)*RHOE(NZ)/X) /RHOW
IF (NZ.GT.1) GO TO 6

CFZ=0.0

SQUIG=BLP(1)/SORT(PL(1})

G0 10 7
CFZ=2,0%C(1)*T(1,2)%UE(NZ)/WEINZ)/SQRX
SQUIG=BLP(NZ)*SQRT(RR(NZ)*UE(NZ)/WE(NZ)/X)
IF (NZ.EQ.1) GO TO 14
ReSQRT(RHOE(NZ)*WE(NZ)*RR(NZ)/CMUE (NI})
CHLENTHaSQRT(CMUE (NZ)*RR(NZ)/ (RHROE(NZ)*WE(NZ)))
D) 8 J=1,NP

Y1(J)=Y{J)}/CHLENTH

YLOJ)=Y{(J)/DSTZINC

Ul(d)=wid,2)
Wl(J)=U(Js2)*UE(NZ)/WE(NZ)
T1{J)=DENR(J,2)
CMUL(J)=VIS{J)/CMUEINZ)
ALFA(J)=DMUDT(J)*TE/CMUE(NZ)

CONTINUE

xxxxxxxxxxxxxxxxxxxxzxxxxx;cxxxxxxxxxxxxxxxxxx
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* TIDY *

SUBROUTINE DUTPUT

D3 9 Ia1,NP

A16(I)=PR

CONTINUE

IF (IPANPALEQ.2) GO TO 12

NPM1=NP=-1

DO 10 J=2,NPM1

DY1laY1l(J)=-Y1(J-1)

DY2=Y1(J+1)~-Y1(J)
UP(J)={DYL*UL(J+1)/DY2=-DY2*U1(J=1)/DY1)}/(DY1+DY2}=U1(J)*(DY1-DY2)/
1(DY1*DY2)

WP (J)=(DYL*W1(J+1)/DY2-DY2*W1(J=1)/DYL1)/(DY1+DY2)~-W1(J)*(DY1=-DYR)/
1(DY1*DY2)
TP(J)=(DYL*T1(J+1)/DY2-DY2*T1(J=~1)/DY1)/(DY14DY2)=T1(J)*(DY1~-DY2)/
1(DY1%*DY2)

CMUP(J )= (DY1*¥CHMUI(J+1}/DY2-DY2*CHMUL(J=-1)/DYL}/7(DYL1+DY2)-CMULI(S)*(D
1Y1-DY2)/(DY1*DY2)
ALFAP(J)=(DY1*ALFA(J+1)/DY2-DY2*ALFA(J=-1)/DY1)/(DY1+DY2)=ALFA(J)*{(
1DY1-DY2)/(DY1*DY2)

UPP(J)s(DYL1*UL{J+1)+4DY2*UL(J=-1)~UL(J)*(DY1+DY2)) /(. 5%DY1*DY2%(DY1+
1DY2))
WPPLJ)=(DYL*¥WL(J+1)4DY2*WL(J-1)~W1(J)*(DY1+40Y2))/7( ., 5%¥DYL*DY2%*(DY1+
10Y2))
TPP(J)=(DYL*TL1(J+1)4DY2*T1(J=1)=-T1(J)*(DY1+DY2))/ (. 5%¥DY1*DY2*(DY1l+
10Y2))

CMUPP(J)=(DY1*CHMUL (J+1)+DY2*CMUL(J-1)=CMUL(J)*(DYL+DY2))/(.5%DY1*D
1Y2*(DY1+DY2))

CONTINUE

UP(NP)=s(ULINP)=-UL{NP-1))/DY2
WP (NP)a{WL(NP)-W1(NP-1))/DY2
TP(NP)s(TL(NP)=-T1(NP=-1))/DY2
CHMIPINP)=(CMUL (NP)=CMUL(NP-1))/DY2
ALFAP(NP)=(ALFA(NP)-ALFA(NP-1))/DY2

UPP(NP)= (UL (NP=1)~UL(NP})}/DY2%%2
WPPINP)= (W1 (NP=1)=WL(NP))/DY2%%x2
TPPINP)= (TLINP=1)=T1(NP))/DY2%*2
CMUPP(NP)=(CMUL(NP=1)=CMUL(NP))/DY2%¥*2

DY1=Y1(2)-Y1(1)

DY2=Y1(3)-Y1(1)

UP(1)=(DY2*%U1(2)/DY1-DY1*U1(3)/DY2)/(DY2=-DY1)=-U1l(1)*(DY1+DY2)/(DY1
1%vY2)

WP{1)=(DY2*W1(2)/0Y1-DYL*W1(3)/DY2)/(DY2~DY1)=~W1(1)*(DY1+DY2)/(DY1
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* TIDY®
SUBROUTINE OUTPUT

1%DY2)
TP(1)=(DY2¥T1(2)/0Y1-DY1*T1(3)/DY2)/(DY2-DY1)-T1(1)*(DY14DY2)/(DY1
1%DY2) :
CMUP(1)=(DY2*CHNUL(2)/DY1-DY1 *CMUL(3)/DY2) 7{DY2-DY1)-CMUL{1)*(DY1+D
1Y2)/7(DY1*DY2)

ALFAP(1)=(DY2*ALFA(2)/DYL-DYL1*ALFA(3)/DY2)/(DY2-DY1)}=ALFA(1)*x(DY1+
1DY2)7(DY1%DY2)

X1=Y1{2)

X2=Y1(3)

X3=Y1(4)

X4=Y1(5)

B2=2 X2%X3+X2%X4+X3*X4

DL1I=X1#(X1=-X2)*(X1=-X3)*(X1-X4)

C2aX1*¥X3+X1¥ X4+ X3%XX4

DL2=X2*%(X2-X1)*(X2=X3)*(X2-X4)

D2sX1*X2+X1*X4+X2%X4

DL3=X3¥(X3=-X1)*(X3=-X2)*(X3~-X4)

E2aX1*¥X2+X1*¥X3+X2%X3

DL4=X4%{ X4-X1)*(X4-X2)%{X4-X3)
UPP(1)=2,%B2%UL(2)/DL1+42.,%C2*U1(3)/DL2+2,%D2%U1(4)/DL3+2,%E2*UL1(5)
1/0L4
WPP(1)=2,%B2*%W1(2)/DL142.%C2%W1(3)/DL2+2.%¥D2*W1(4) /DL3+2,%E2%W1(5)
1/DL 4

TPP(1)52 ., *%B2¥TL(2)/DL1+42.*%C2*T1(3)/DL2+42.*%D2*T1(4)/DL3+2.,%E2*T1(5)
1/0L 4
CMUPP(1)=2,%B2%CMUL(2)/DL1+2.%C2%¥CMUL{3)/DL 242 *D2*CMUL(4)/DL3+2.%
1E2*CMUL(5)/DL 4

TPP(1)=TPP(2)
CMUPP(1)2CMUPP(2)

DO 11 J=1,NP
IT=NP-J4+1
Al(I)=Y1(J)
A2(1)sUL1(J)
A3(I)=UP(J)
A4(I)=UPP(J)
AS(TI)=W1(J)
A6(I)=WP(J)
A7(1I)=WPP(J)
AB(I)=T1(J)
A9(I)=TP(J)
ALO(I)=TPP(J)
Al1(I)Y=CMUL(J)
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11

12

13

66

SUBROUTINE 0QUTPUT

A12(I)=CMUP(Y)

A13(I)sCMUPP(J)

Al4 (I)=ALFA(J)

Al15(T1)sALFAP(J)

CONTINUE

CALL CFA (A29A4,A59AT,EPSICF,NP)

WRITE (10) NZsXC(NZ)sCMACH,R,CHLENTH)WE(NZ)»A1(1)5PR,A5(1),NP
WRITE (10) (AX(I)sI=1l,NP)
WRITE (10) (A2(1)sI=1,NP)
WRITE (10) (A3(I)sI=1,NP)
WRITE (10) (A4(I),I=s1,NP)
WRITE (10) (AS(I)sI=1,NP)
WRITE (10) (A6(I)sI=1,NP)
WRITE (10) (AT7(I)sI=1,NP)
WRITE (10) (AB(I)sI=1,NP)
WRITE (10) (A9(I),I=1,NP)
WRITE (10) (A10(I),I=1,NP)
WRITE (10) (A11(I)sI=1,NP)
WRITE (10) (A12(I),Is1,NP)
WRITE (10) (A13(I)»sI=1,NP)
WRITE (10) (Al4(I)sI=1,NP)
WRAITE (10) (A15(I)sI=1,NP)
WRITE (10) (A16{(1),I=1,NP)

IF (IPRINT.EQ.2) GO TO 14

WRITE (6516) NZyXC(NZ)yNP,CHLENTH,R,)EPSICF*57,29577

WRITE (6,17)

WRITE (6519) (I»A1(I)»A2(TI),A3(I)sAG(I)sAS(TI)sA6(T)sAT(T),AB(I),AQ
1(I1),A10{(I)»I=1,NP>»5)

WRITF (6519) NP,AL1{NP)sA2(NP)sA3(NP)sAL(NP),ASINP)9A6INP)AT(NP),A
18(NP),A9(NP), ALO(NP)

WRITE (6,18)

WRITE (6520) (I,A1(I)9A11(T),AL2(I)5AL3(T)»AL4(I)»AL5(I)r»AL6(T),s]=
11, NP5 5)

WRITE (6,20) NP,AL(NP),A11(NP)sAL2(NP)sA13(NP)»AL4(NP)»ALS5(NP),sALlS
1(NP)

GO TO 14

CONTINUE

RA=SQRT(RHNE(NZI*¥CMUE(NZ)/UE(NZ))

DO 13 I=1,NP

RAA(I)=RA*G(I,2)

WRITE (9) NZyXC(NZ)sRR(NZ),»Z{NZ)sRHOE(NZ),CMUE(NZ),UE(NZ)»WE(NZ),P
1E(NZ)»DDW(NZ) sRsCHLENTHsRHOWs» VWs TEs Xs UF Sy PRy CMACH, NP
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001

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(9)
(9)
(9)
{9)
(9)
(9)
(9)
{9)
(9)
(9)

CONTINUE
DO 15 Js=1yNP

F(Js1l)=2F(Jd)y2)
UGJds1l)sU(Jy2)
ViJsl)aV(Jy2)
G(Jsr»1l)=G(Jy2)
WlJsl)=W(Jr2)
T(Je1)2T(Jy2)

B(Js1)=3 (J,2)
DENR{(Js1)=DENR (J» 2)

IF (CMACH.EQ.0.0) GO TO 15
E(J»l)aE(Jy2)
BG(Js1)=BG(Jsr2)
CAL(Js1)=CAL(Js2)
CA2(Js1)uCA2(J,2)

CINTINUE

NZ=NZ+1

RETURN

FORMAT (///1Xs3HNZ=s I553Xs4HX/C25EL34653Xs3HNP=,15,3Xy BHCHLENTH=5E

SUBROUTINE DUTPUT

(YL(I)yI=21,NP)
(UL(I)yI=1,NP)
(W1(I)yI=1,yNP)
(T1(I)sI=1,NP)
(CMU1(I)sIsl,NP)
(ALFA(I),I=1,4NP)
(F(I»2)sI=1sNP)
(U(Is2)s1I=15NP)
(RAA(I)sI=1sNP)
(DENR{I92)s1=1,NP)

116.693Xs 2HR=9E164653Xs 4HCFA=,EL16.6)

FORMAT (1H
FORMAT (1H
FORMAT (1H
FORMAT ({1H

END

» 9Xs 30H{ Y, Us UPyUPP s Ws WP, WPP T, TP, TPP) /)

s /55Xy 31H(MU, MUP, MUPP, ALFAS ALFAP, PRANDL) /)
92X9T4s2XsF6e359E1244)
92X9T1492X9F6e356E1244)
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SUBROUTINE XZDER

SUBROUTINE XZDER

REAL LST

DIMENSION X(3), X1(3)s S(3)» LST(4)s R(3), THETA(3)s, NSA(4)s RHOE(
13), CMUE(3), UE(3)y WE(3), PE(3)» DDW(3), RHOW(3)s VW(3), TE(3), X
21(3), UFS(3), NIN(3)

COMMON /BXT/ DGTH(101),DEN(101),YSTS(101)»YS{101)sF(101),U(101),G(
1101),V(101),VP(101)sVPP(101)sN

CIMMON /BLCO/ NZTsNAsNB,IT,C,DsCMACHs TToETA(151),DETA(151)5A(151),
1YI(151), IPANPA

DIMENSION A1(101)s A2(101), A3{101), A4(101)s A5(101)s A6(101), A7
1(101), AB{101)» A9(101)s A10(101), AL1(101), A12(101), A13{101), A
214(101), A15(101), A16(101)» A17(101), A18(101), A19(101)s A20(101
3), A21(101), A22(101), A23(101), A24(101), A25(101), A26(101)s A27
4(101), A28(101)», A29(101)» A30(101)» A31(101)y A32(101), A33(101)

DIMENSION DUX(101)s DUPX(101)s, DUPPX(101)s DWX{101), DWPX{101), DW
1PPX(101)y DTX(101)}» DTPX(101), DTPPX(101), DMUX(101), DMUPX(101),
2DMUPPX(101)s DALFX(101)s DALFPX(101)s, PRANDL(101)

DIMENSION UPO(3,101)s UPPO(3,101), WPO(3,101)s WPPO(3,101)s TPO(3,
1101), TPPO(3,101), CMUPO(3,101)s CMUPPO(3,101), ALFAPO(3,101)s YST
2(4,101)

DIMENSION Y(4,101)s UO(45101)s WO(4,101})s TO(4,101)» CMUO(4,101),
1ALFAO(45101)s FAO(4»101), GAO(45101)y UAOU4,101)y DENRAO(4,101)

COMMON /TAXI/ D1yDNsD3,04,D5,D65D75D8,09,D105,D11,012

COMMON /PAR/ AAlsAA2s AA3, VGP o NNN,IPRINT

REWIND 9

DO 1 I=1,3

READ (9) NIN(I)sX(I)sSCI)»THETA(I)sRHOE(I)s CMUE(T)SUE(TI)SWE(I)sPE(
1I), DDOWI(I)sR(IVHLSTU(TI)sRHOW(I ) yVHWI(TI)»TE(I)oXI(I)pUFS(T)»PRsCMACH)NS
2A(1)

NPaNSA(I)

READ (9) (Y(IsJ)sJ=1,NP)

READ (9) (UO(I,3)sJd=1,NP)

READ (9) (WO(Isd)sJsleNP)

READ (9) (TO(IsJ)sd=1,NP)

READ (9) (CMUO(IsJ)sJ=l,yNP)

READ (9) (ALFAO(Is»J)sJ=1, NP)

READ (9) (FAO{IsJ)»J=l,NP)

READ (9) (UAQ(IsJ)sJ=1,NP)

READ (9) (GAO(IsJ)sJ=1sNP)

READ (9) (DENRAO(IyJ)seJd=1,NP)
WRITE(6s31)(Y(IsJ)sFAO(I»J)sUAO(IsJ)sGAO(TIsJ)pJ=1,NP)
WRITE(6s13ININ(I) s X(I)»S({I)e THETA(I)sRHOE(TI)sCMUE(TI)HLUE(I))

AWECT) 9 PE(TI) »DOMWIIIHREIISLST(I ), RHOW(I), VWA T ), TE(TY XI(T),
¥UFS(I)yPRyCMACH,NSA(T)

e ol nll ol ol el ol el el ol ol ol ol ol ol ol el ol ol el ol ol ol o Sl e N ol ol adl o
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SUBROUTINE XZIDER

WRITE(6,12)(Y(IsJ)sUO(Isd)sWO(I»d)»TO(I»J)»CMUO(T»J)sALFAO(I,J),
*¥FAO(I,J)sUAO(I,J0),GA0(TI>J)sDENRAO(T sJ)yJ=1yNP)

CONTINUE

K=4§

CONTINUE

NP=NSA(3)

NSA(4)=NSA(3)

LST(4)=LST(3)

DO 3 J=1,NP

Y{4,J)=2Y(3,J)
Ud(4»J)=U0(3,J)
WO(49J)=W0(3,J)
TO(45J)=TO(3,J)
CMUO(450)=CMUOI(3,J)
ALFAO(4,J)=ALFAOQ(3,J)
FAO(45J)=FAQ(3,J)
UAO(4,J)=UAO(3,4)
GAO(45J)=GA0(3,J))
DENRAO(4,))=DENRAO(3,J)

DO 4 I=l,4%

NP=sNSA(I)

DO & J=1,NP
YST(IsJd)sY(I,J)*LST(I])
N=NSA(2)

D) 5 Isly3,2

MsNSA(I)

CALL PROFO (YSTyUOsIs2sNsM)
CALL PROFO (YSTsWO»Is»2sNsM)
CALL PROFO (YST,TOsI»2sNysM)
CALL PROFO (YST,CMUOsIs2sNs M)
CALL PROFO (YST,ALFAO»I»25Ny M)
CALL PROFO (YSTsFAOQ»Is2sNyM)
CALL PROFO (YST,UAOy1,25NyM)
CALL PROFO (YST,GAO»I»2sNyM)
CALL PROFO (YSTyDENRAOyI»2,N,M)
CONTINUE

D3 6 IslyN
YSTS(I)=YST(2,1)
YS(IV=Y(2,1)
DEN(I)}=DENRAO(2,1)
F(I)=FAO(2,1)
UCT)=UAO(2,1)
G(I)=GA0(2,1)

D] 8 I=1,3

el al kel i adk adl sl st el gl ol ool ol ool all ol el el ol ol ol sl ol sl ool el el el ol el el all ol ol sl ol mall
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SUBROUTINE XZDER

NPM1=N-1

DD 7 J=2,NPM1

DY1=Y(2,J)-Y(2,J-1)

DY2=Y(25,J41)~Y(2,5J)
UPO(I,J)=(DY1*UO(I,J+1)/DY2-DY2*U0(I5,J=1)/DY1)/(DYL1+DY2)=UO0(IsJ)*{
1DY1-DY2)/7(DY1%DY2)
WPO(Isd)=(DY1*WO(I»J+1)/DY2-DY2*WO(L,J=1)/DY1)/(DYL4DY2)=HWO(T,J)¥(
1DY1-DY2)/7(DY1*DY2)
TPO(I»J)=(DY1*TO(I,J+1)/DY2=-DY2*TO(I»J=1)/DYLI/(DYL4DY2)=TO(I »J)*(
1D0Y1-DY2)7(DY1*DY2)

CMUPO(I» J)=(DYL1*CMUO(I,J+1)/DY2-DY2*CMUO(I5J=1)/DY1)/(DY14DY2)=-CMU
10(1,J)*(DY1=-DY2)/(DY1*DY2)

ALFAPO(I»J)=s(DYL*¥ALFAO(I» J+1)/DY2-DY2%ALFAO(I,J=-1)/DY1)/(DY1+DY2)-
1ALFAO{(I,J)*(DY1=DY2)/(DY1*DY2)

UPPO(I»d)=(DYL¥UO(I, J+1)4DY2%UO(IsJ-1)=UD(I,J)*(DY1+DY2))/(,5%¥DY1*
10Y2*(DY1+DY2))
WPPOU(TI»J)=(DYL*WO(Iys J+1)+DY2*WO (I, J=1)=WO(I,J)*(DY14DY2))/{5%¥DY1%
1DY2*(DY1+DY2))
TPPO(I»J)w(DY1*TO(I»J+1)+DY2%TO(I9J=1)=-TO(I»J)*(DYL4DY2))/(5%DY1%
1DY2*(DY1+DY2))
CMUPPO(I»J)=(DY1*CMUO(I,J+1)+DY2%CHUO(I,J=1)-CHUO(TI,J)*(DY1+DY2))/
1(.5%DY1*DY2*(DY14DY2))

CONTINUE

UPO(I»N)=(UO(IyN)=UO(I,N=-1))/DY2
WPO(IsN)=(WO(I,N)=-WO(IsN=-1))/DY2
TPO(ISN)=(TO(I,N}-TO(I,N-1))/DY2

CMUPO(Is» N)={CMUO(I,N)-CMUO(I,N-1))/DY2
ALFAPO(I,N)={ALFAO(I,N)~ALFAO(TI,N=1))/DY2

UPPO(TIsN)=(UO(IsN=-1)=-UO(IsN)})/DY2%%x2
WPPOUIsN)s(WO(IsN=1)-WO(I,N))/DY2%%2
TPPO(IsN)=(TO(IsN=1)=TO(I,N))/DY2*%2
CMUPPO(TIsN)=(CMUO(IsN=1)=CMUO(I,N))/DY2%%*2

DY1=Y(2,2)~Y(2,1)

DY2=Y(253)-Y(2,1)

UPO(I,1)=(DY2%UO(I»2)/DY1-DY1*UO(I»3)/7DY2)/7(DY2-DY1)~UO(I»1)*(DYLl+
10Y2)/(DY1*DY2)

WPO(I,1)=(DY2%*WO(Is2)/DYL-DY1*WO(I,3)/0Y2)/7(DY2-DY1)=WO(I,1)*(DY1l+
1D0Y2)7(DY1*DY2)

TPO(I»1)=(DY2*T0(I,2)/DY1=DY1*TO(I,3)/DY2)/(DY2-DY1)=-TO(I,1)*(DY1l+
1DY2)/7(DY1*DY2)

CMUPO(I,1)=(DY2*CMUO(I,2)/DY1-DY1*CMUO(I»3)/DY2)}/7(NY2=DY1)}=CMUO(I,

Ll el il ol ol ol o el el ol ol el aall ol ol ol o el e el il el ol i i el e e o ol el e
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11)*(DY1+DY2)/(DY1*DY2)
ALFAPO(I,»1)=(DY2*¥ALFAO(I,2)/DY1-DY1*ALFAO(I,3)/DY2}/(DY2-DY1)~-ALFA
10(I,1)*(DY1+DY2)/(DY1*DY2)

X11=Y(2,y 2}

X22Y(2,3)

X38Y(254)

X4=Y(2,5)

B2= X2¥X3+X2%¥X4+X3%X4

DL1=X11*(X11-X2)*(X11=-X3)*(X11-X4)

C2=X11*X3+X11%xX4+X3*X4

DL2=X2%(X2-X11)*(X2=-X3)*(X2-X4&)

D2=X11*X2+X11*¥X4+X2%*X4

DL3=X3*{X3-X11)}*¥({X3=-X2)*(X3-X4&)

E2aX11%X2+X11%X3+4X2%X3

DLa=X4*{ X4=X11)*(X4=X2)¥(X4~X3)
UPPO(TIs1)=2,%B2*%U0(I,2)/DL1+2.%C2*%U0(Y,3)/DL2+42.%D2%0(1,4)/DL3+2,
1*E2*%U0(I,5)/DL 4
WPPO(Is1)=2.,¥B2%WO(I52)/DL1+2.%C2%WO(I93)/DL247#%D2%W0(Is4)/DL3+2,
1*E2*WO(I,5)/DL%
TPPO(I,1)=2.%¥B2*TO(1,2)/0L1+2.%C2%TO(I,3)/0L2+2.%D2*TO(I»4)/DL3+2,
1*E2*TO(I,5) /DL ¢
CMUPPO(I,1)=2,%B2*%CMUO(I,2)/DL1+2.%C2*¥CMUO(T»3)/DL242.%D2%CMUO(I,s4
1)/DL34+42,*E2*CMUO(I,5)/DL4

TPPO(I»1)=TPPO(I,2)
CMUPPO(T,1)=CMUPPO(TIy2)

CONTINUE

WRITE(65130)(Y(1roT)sU0{1sI)5UQ(25,I),UPO(1,1),
*UP0(251)5 121,N)

DO 9 I=1,3
X1{I}=SCI)/(LST(2)%R(2))
DX1sX1{2)=X1(1)
DX2=X1(3)=X1(2)
DTH1=THETA(2)-THETA(1)
DTH2=THETA(3)-THETA(2)
DELX=DX1/DX2
DELTH=DTH1/DTH2
DELX1=DX1+DX2
DELTH1=DTH1+4DTH?
DELX2=(DX1-DX2)/(DX1%*DX2)
DELTH2={DTHL-DTH2)/(DTH1*DTH2)
N 10 Is1,N

il el el ol ol Sl el ol el ol el e e N L ol ol ol ol ol gl ol aoll el el ol ool sl ol ol
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SUBROUTINE XZDER

DUX(I )= ((DELX*¥UO(3,I)-U0(1,1) /DELX)/DELXL=-DELX2%UO(2,1))

DUPX(I)= ((DELX*¥UPO(3,1)-UPO(1,I)/DELX)/DELX1=-DELX2*UPO(2,1))
DUPPX(I)=((DELX¥UPPO(3,I)=-UPPO(1, I}/DELX)/DELX1-NELX2%UPPO(2,]))
DWX(I)=((DELX*WO(3,T1)-WO(15I)/DELX)/DELX1-DELX2%WO(2,1))

DWPX(I)= ((DELX*¥WPO(3,I)~WPO(15I)/DELX)/DFELX1-DFLX2%WPO(2,1))
DWPPX{I)=((DELX*WPPO(3,I)-WPPO(1,I)/DELX)/DELX1=DELX2*WPPO(2,1))
DTXC(I)=( (DELX*TO(3,1)}=TO(1,Y)/DELX)/DELXL=-DELX2%TO(2,1))
DTPX{TI)=((DELX*TPO(3,T)~TPO(15I)/DELX)/DELXY~-DELX2*TPO(2,1))
DTPPX(I)=((DELX*TPPO(3,1I)-TPPO(1, I)/DELX)/DELX1-DELX2*TPPO(251))
DMUX(I)= ((DELX*CMUO(3,I)~-CMUO(1,I)/DELX)}/DELX1-DELX2¥CMUO(2,1))
DMUPX(I)= ((DELX*CMUPO(3,I)~CMUPO(1,I)/DELX)/DELX1=DELX2%CMUPO(251)
1)

DMUPPX(I)=( (DELX*¥CMUPPO(3,1)~CMUPPO(1,TI)/DFLX)/DELXY=DELX2*CMUPPO(
12,1))

DALFX(I)=((DELX*ALFAQ(3,T)-ALFAO(1,I)/DELX) /DELX1=DELX2*%ALFAQ(2,1)
1)
DALFPX{(I)=((DELX*ALFAPO(3,1)-ALFAPO(1sT)/DFLX)/DELX1=DELX2*ALFAPO(
12,1))

CONTINUE

DO 11 I=1,N

DGTH(I)= (DELTH*GAO(3s1)=GAO(1s1)/DELTH)/DFLTH1~DELTH2%GA0(2,1)
WRITE(6s31) F(I)»U(I)sG(I),DGTHI(I)

CONTINUE

D1=2RHOW(2)
DN=VW(2)
D3=UE(2)
D4=PE(2)

D53 XI(2)
Do=WE(2)
D7=DDW(2)
D8=TE (2)
D9=CMUE(2)
D10=RHOE(2)
D11=UFS(2)
D12=R({2)

CALL VVEL

DO 12 I=1,N
PRANDL(I)=PR
DO 13 J=1,N
TaN=-J+1
AL(IV=Y(2,J)
A2(T)=U0(2s )
A3(I)=UPO(2,5J)
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A4(I)=UPPO(2,J)
AS(I)=WO0(25J)
A6(I)sWPO(2,yJ)
AT(I)=WPPO(25J)
AB(I)=TO(2,4)
A9(1)=TPO(2,J)
ALO(I)=TPPO(2,J)
A11(I)=CMUO(2,J)
Al2(1I)=CMUPO(2,J)
A13(TI)=CMUPPO(2,J)
Al4(I)=sALFAO(2,J)
ALS5(T)=sALFAPO(2,4)

SUBROUTINE XZDER

A16(I)=PRANDL(J)
A17(I)=DUX(J)
A18(I)=DUPX(J)
Al19(I)=DUPPX(J)
A20(1)=DWX(J)
A21(I)=DWPX(J)
A22(T)=DWPPX(J)
A23(1)aDTX(J)
A246(I)=DTPX(J)
A25(T)=DTPPX(J)
A26{I)=sDMUX (J)
A27(1)=DMUPX(J)
A28 (I)=DMUPPX(J)
A29(I)aDALFX(J)
A30(I)=DALFPX(J)

A31(I)=v ()

A3z2(I)aveP{J)
A33(I)sVPP(J)
CONTINUE
CALL CFA (A29A4,5A5,ATSEPSICF,N)

WRITF
1N
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(10)

(10}
{10)
(10)
(10)
(109
(10)
(10)
(10)
(10)
(10)
(10}

NIN(2)sX(2)sCMACHSR(2)sLST(2)sUFS(2)sY(29N)sPRyWO(2)N)>»

(A1(1)5I=1sN)
(A2(I),I=1,N)
(A3 (I),I=1,N)
(A4 (I)yI=1sN)
(A5(1I)sI=1,N)
(A6(1)sI=1,yN)
(A7 (I)sI=1,sN)
(AB(I)yI=1yN)
(A9 (I),I=1,N)
(AlO(I)sI=1,N)
(A11(T)eIm]1,N)
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271
272
273
274

WRITE (10) (A12(I)sI=1,N)
WRITE (10) (A13(I)sI=1sN)
WRITE (10) (A14(I),I=1,N)
WRITE (10) (ALS5(I)sI=1,N)

WRITE (10) (A16(I)»I=1,N) 275
c 276
WRITE (11) NIN(2),X(2)sN 277
WRITE (11) (A17(I)sI=1,N) 278
WRITE (11) (A18{I)»I=1,N) 279
WRITE (11) (A19(TI)sI=1,N) 280
WRITE (11) (A20(I)sI=1,N) 281
WRITE (11) (A21(I)sI=1,N) 282
WRITE (11) (A22(I)sI=1,N) 283
WRITE (11) (A23(I)»I=1,sN) 284
WRITE (11) (A24(I)sI=1,N) 285
WRITE (11) (A25(1),I=1,N) 286
WRITE (11) (A26(I)sI=1l,N) 287
WRITE (11) (A27(I),I=1,N) 288
WRITE (11) (A28(I)sI=1,N) 289
WRITE (11) (A29(I)sI=1,N) 290
WRITE (11) (A30(I)sI=1,N) 29N
WRITE (11) (A31(I)sI=1,N) 292
WRITE (11) (A32(I)sI=1,N) 293
WRITE (11) (A33(I)seI=1,N) 294
c 295

296
297
298

IF (IPRINT.EQ.2) GO TO 14
WRITE {6520) NZIN(2)sX(2)sNsLST(2)sR(2),EPSICF
WRITE (6,21)

ol ol i el ol ol ol ol ol ol el ol ol ol ol el el el o R E Sl ol ol ol el ol ol ol ol ol ol

WRITE (6525) (I,Y(2,1),U0(2,1)sUPO(25T)sUPPO(2,I)5W0(2,I)5WPO(2,1) 299
1y WPPO(2, )y TO(2,1)sTPO(2,T), TPPO(2yI)»T=15Ny5) 300
WRITE (6525) NyY(25N),U0(2,N)sUPOL2,N}sUPPO(2sN)»WO(2»N),WPO(2,N)) 301
1WPPO(2,N)sTO(2sN)» TPO(2sN)» TPPO(2,N) 302
WRITE (6,22) 303
WRITE (6525) (IsY(2,1),CMUO(25s1)sCMUPO(2,T),CMUPPO(2sI)sALFAD(2s1) 304
15ALFAPO(2,I)s PRANDL(I),DUX(I)sDUPX(I)»DUPPX(I)sI=1yNy5) 305
WRITE (6525) NyY(2sN)sCMUO(2,N)sCHUPO(2,N)» CMUPPO(2,N)»ALFAOQ(25N), 306
1ALFAPO(25N) s PRANDL (N)»DUX(N) s DUPX(N)sDUPPX(N) 307
WRITE (6523) 308
WRITE (6925) (I,Y(2,1)sDWXUI)sDWPX{I)sDWPPX(I)yDTX(I)»DTPX(I),DTPP 309
1X(I Y, DMUX(I)»DMUPX(I)sDMUPPX(I)sI=1,Ns5) 310
WRITE (6925) NsY(2sN),DWX(N)yDWPX(N)» DWPPXIN)s DTX(NIsDTPX(N)»DTPPX 311
1(N) DMUX (N) »DMUPX{N), DMUPPX{N) 312
WRITE (6524) 313
WRITE (6526) (IsY{(29T)sDALFX(I)oDALFPX(I)sVII)pVPII)sVPP(TI)sI=lsNy 314
15) 315
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WAITE (6526) NsY(2sN)sDALFX{N)sDALFPXIN)sVIN)y VPIN),VPP(N) L 316
14 CONTINUE L 317
¢ L 318
DO 15 I=1,2 L 319
MsI+1l L 320
NZN{I)=NZIN(M) L 321
X(I)=X(M) L 322
S(I)=S(M) L 323
THETA(I)=THETA(M) L 324
R40E (I )=RHOE(M) L 325
CMUE(I)=CMUE (M) L 326
UE(I)=UE (M) L 327
WE(I)=WE (M) L 328
PE(I)=PE(M) L 329
DOW(INI=DDW(M) L 330
R{I)=R(M) Lt 331
LST(I)=LST(M) L 332
RHOW(I)=RHOW(M) L 333
VW(TI)aViW (M) L 334
TE(I)=TE(M) L 335
XI(I)=sXI(M) L 336
15 UFS(I)aUFS(M) L 337
c L 338
DO 18 Is1,2 L 339
IF (I.EQ.2) GO TO 16 L 340
M=T+1 L 341
60 T0 17 L 342
16 M=T+2 L 343
17 CONTINUE L 344
NSA(I)=NSA(M) L 345
NP=aNSA (M) L 346
DO 18 J=1yNP L 347
Y(IsJd)=Y(MyJ) L 348
UO(IsJ)=UO(M,sJ) L 349
WO(TsJ)aWO(M,J) L 350
TO(Is J)=TO(MsJ) L 351
CMUO(TI,J)=CMUO (M) L 352
ALFAO(I,J)=ALFAO(MyJ) L 353
FAO{I»J)=FAO(M,J) L 354
UAO(I»J)=UAD(M, ) L 355
GAO(I450)=2GA0IM, ) L 356
18 DENRAO(I,» J}=DENRAO(M,J) L 357
C L 358
I=3 L 359
KaK+l L 360
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SUBROUTINE X7DER

IF (KeGTWNZT) GO 7O 19

READ (9) NINU(T)sX({I)sS(I)sTHETA(I)sRHOE(I)s CMUE(TIV}SUE(I)sWE(I)sPE(
1T)sDDWCI) sROI) s LST (I RHOWITI) s VWII)»TE(I) o XI(I)H»UFS(I)s PRy CMACHsNS
2A(1)

NP=aNSAI(I)

READ (9) (Y(I,J)sd=1,NP)

READ (9) (UO(I»J)sJ=1sNP)

READ (9) (WO(IsJd)sJ=l,NP)

READ (9) (TO(IsJd)sJ=1,sNP)

READ (9) (CMUO(Isd)sJ=1,NP)

READ (9) (ALFAO({IsJd)eJ=1,NP)

READ (9) (FAO(IsJ)sJd=1,NP)

READ (9) (UAO(IsJ)»J=1,NP)

READ (9) (GAO(I»Jd)sJaleNP)

READ (9) (DENRAO(I»J)sJ=1,NP)

00 11 I=1,3

NPaNSA(I)

WRITE(H»3Y)(Y(I,3)sFAOQ(I»JI)»UAO(I»J)sGAO(T,J)pIsl,NP)
WRITE(6»13)NINCI)o X(TI)aS(I)s THETA(I)sRHOF(I}>CMUECTI)SUE(TI),
AWELTI)SPE(I) s DOWII)»RII)oLST(IIsRHOW(I) s VWII)» TE(TI)H» XTI (T,
¥UFS(I)»PRsCMACH,NSAL(I)

WRITE(6s12) (Y Id)»U0(IsJd)sWOlTIsJ)sTO(T)sCMUO(TLJ)»ALFADIISJ)
*¥FAO(I»J)sUAO(TI»J)»GAO(I»J)sDENRAO(I»J)» =), NP)Y

Gl 1D 2

RETURN

FORMAT (/7771Xs3HNZ2sI5,3X94HX/C2)E1l6e693Xs3HNP=yI553Xy BHCHLENTH=,E
1164653X9 2HR=y E1 6.6»3X»4HCFA=,E16.6)

FORMAT (1H »5X»28HYsUsUPsUPPyWsWPsWPPsT»TP, TPP/)

FORMAT (1H ,5Xy42HY, MU, MUP, MUPP, ALF A, ALFAPs PRy DUXy DUPXs DUPPX/ )
FORMAT (1H 55X 47HY DWXyOWP Xy DWPPXs DT Xs DTPXy DTPP Xy DMUX5s DMP X, DMPP X/
1)

FORMAT (1H »5Xs23HY, ALFAXs ALFAPX, Vs VP, VPP /)

FORMAT (1H 52XsT1492XsF64359E12.4)

FORMAT {1H »2Xs I14s2Xs F643,5E12.44)

END

361
362
363
364
365
366
367
368
369
370
3N
372
373
374
375
376
3n
378
379

ol ol N i al i ol ol ol ol ol R ol ol ol 8 ol ol ol ol ol ol ool ol ol el ol el ol el ol el o o
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SUBROUTINE PROFO

SUBROUTINE PROFO (YsUsIsKsNsM)
REAL INTER

DIMENSION Y{4,101)s U(4»101), Y1(101)»

DO 1 Jsl,M

U2(J)=U(TI,J)

Y2(J)=Y(1I,J)

CONTINUE

DO 2 J=1,N

YI(S)=Y(Ksd)

IF (Y2(M).GE.Y1(N)) GO 70 3
LaM+1

Y2(L)=Y1(N)

U2(L)=U2(M)

GO TO 4

CONT INUE

L=M

CONTINUE

DO 8 JJJ=1,N

YARG=Y1(JJJ)

DD 5 Jm=l,tL

JJsJ

IF (YARG.LT.Y2(J)) GO TO &
IF (YARG.EQ,.,Y2(J8)) GO TO 7
CONTINUE

MIN=JJ=-3

IF (JJoLEW3) MIN=]

IF (JJ.GEL(L=2)) MIN=L-6
U3(JJJ)=INTER(Y2,U25YARG» 65 MIN)
GO 10 8

U3 (JJdJ)=Uu2(44J)

CONTINUE

DN 9 Jsl,uN

UlIsd)=y3(y)

CONTINUE

RETURN

END

(YsUsTsKsNsM)

Y2(101)s, U2(101),

TTTIZTITTEITZTZTTITITIZTTTITTZTZXZITIXIZTTTIZIZT I

VO®~NMPSWNH-
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REAL FUNCTIONINTER(XsYs XARG, IDEG, MIN)

REAL FUNCTIONINTER(XsYs XARG» IDEG»MIN)

111

<4~ W

DIMENSION X(101)s Y(101)
FACTOR=1.

MAX=MIN+IDEG

DO 2 J=MIN, MAX

IF (XARGeNE«X(J)) GO TO 2
INTER=Y(J)

RETURN

FACTOR=FACTOR*( XARG=X(J))
YEST=0.

03 & IaMIN,MAX
TERMsY(I)*FACTOR/ (XARG~X(I))
DO 3 J=MIN,MAX

IF (I«NEeJ) TERMaTERM/(X(I)=X(J))

YVECT=TECOMAYELCST
TCIITTITERNITYIT I

INTER=YEST
RETURN
END

ZZLZZ2IZZZ2IZIZ22ZZZZZZZTZZ
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SUBROUTINE CFA (UlsULPPsW1sWIPPsEPSICFsN)

SUBRDUTINE CFA (Ul,UlPP,W1lsW1PP,EPSICF,N)
DIMENSION U(101)y W(101l)s UPP(101)» WPP(101)s U1(101)s W1(101), Ul
1PP(101), W1PP(101)
DO 1 J=1»N
IaN=J+1
UtI)=ui(J)
W(I)=Ww1l(J)
UPPITI)=UlPP(J)
WPP(I)sWlPP(J)
1 CONTINUE
Bl=1.E+06
DD 2 I=2,N
IF (U(I)eGT404999) GO TN 3
Al=U(I)/W(I)
A2=UPP(I)/WPP(])
B2=aAl1-~A2
IF ((B2.GEeOeoaANDeBLloLE«Oe) eORe(B2eLE«OesANDsBLeGEL04)) ISAVESI
Bl=82
2 CONTINUE
3 CONTINUE
EPSICF==ATAN(U(ISAVE)/W(ISAVE))+3,1415977
C WRITE (654) EPSICF*57,29577
RETURN

2 Xl

END

[ o B s I oo T = e T oo B s I o0 I o I o I o Y 0 v Y o I v QY e s oo 2 s 0 B o e Y i J 0]
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SUBROUTINE VVEL

SUBROUTINE VVEL

DIMENSION ETA(101)

COMMON /TAXI/ RHOW»VWsUE, PEs» XsWEsDDWy» TE,CMUES RHOE» UFS, R

ZOMMDON /BXT/ DGTH(101)»DEN{101),YST(101),Y{(101),FA(101)»UA(L01)>5GA
1(101),V(101),VP{101),VPP(101)sN

WRITE(6530) RHOWsVWs UEs PEyXsWEsDDWs TE» CMUE, RHOE, UFS
FORMAT(1H »5Xs11(E10.4,1X))

SQRX=SQRT(RHOE*UE*X/CMUE)

PAR3=SQRX/X

SUM=0,

F1=1/DEN(1)

ETA(1)=0,

DO 1 J=2,N

F2=1/DEN(J)

SUM=SUM+ (F1+F2)*(YST(J)-YST(J-1))/2,

Fl=F2

ETA(J)=SUM*PAR3

CINTINUE ’

CON=RHOWXVW/WE

DO 2 I=1,N

RHO=PE/(1716,*%TE*DEN(I))
DPSIX=(CMUE*SQRX724 )% (3. %FA(I)-ETA(I)*UA(T))
DPHITHaSQRT( X**3)* (WE*DGTH(I)+GA(I)*DDW*UFS)
V(I)=CON/RHO+ (1 +/ {RHO¥X*WE)) *(DPSIX-DPHIT H/X)
VII)=V(I)*R
WRITE(65s31)Y(I)pFA(I)»UA(I)sGA(I)»DGTH(I),DPSIX, DPHITH,
*V(I)y X

CONTINUE

Nl=N-1

DO 3 I=2,N1

DY1l=Y(T)=Y(I~1)

DY2=sY(I+1)=-Y(I)
VP(I)=(DYL*V(I+1)/DY2=DY2*V(I-1)/DYL1)/(DY1+DY2)=-V(I)*(DY1=-DY2)/(DY
11*DY2)

VPP (I)=(DYL1*V{I+1)+DY2%V(I-1)-V(I)*(DY14DY2)) /(. 5%¥DY1*DY2*(DY1+DY2
1)

CONTINUE

VP{N)s(VI(N)=V(N=-1))/DY2

VPP (N)={V(N=1)=V(N))/DY2%*%2

DY1=Y(2)-Y(1)

DY2=Y(3)-Y(1)
VP(1L)=(DY2%V(2)/DY1~-DY1*V(3)/DY2)/(DY2=-DY1)=V(1}*(DY1+DY2)/{DY1*DY

O DOV U O VUOUDUOVOUU DY OUVU VOV YOUYUYWTUTYUYU VVUVOVUUVUVTVTLVYVOLUVOUOV VOV 0OUVT
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SUBROUTINE VVEL

12)

X13Y(2)

X2=Y({3)

X3=Y{4)

X4=Y (5)

B2aX2%X3+X2*¥X4+X3%¥X4
DL1=X1*{X1=-X2)*(X1-X3)*(X1=-X4)
C2aX1%X3+X1¥X4+X3¥X4

DL22X2% (X2-X1)* (X2-X3)}*(X2~-X4)
D2=X1%X2+X1%¥Xa+ X2%X4
DL3=X3*(X3I=-X1)*(X3=-X2V1¥(X3=-X4&)
E2=X1*X2+X1*X3+X2%X3
DLO=X4*({ X4~X1)* (X4=X2)*(X4-X3)
VPP{1)=2.%¥B2%V(2)/DL1+42.%C2*V(3)/DL2+42.%D2%V(4)/DL3+2.*%E2*V(5)/DL¢%

VPP (1)aVPP(2)
VPP(N)=VPP(N-1)
RETURN

FORMAT(1H »1X»8E13.4)

END

VYV UUUHUUV”VUVUUUVOVVUODOOCUVOUY
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